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In papers from this laboratory, which were published several 
years ago,’ it was shown that thioncarbamic esters undergo a 
molecular rearrangement into thiolcarbamic esters when heated 
with alkyl halides. 
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The more negative the radicals attached to nitrogen the less read- 
ily the rearrangement took place. Methyl iodide produced a rear- 
rangement more readily than other halides. In the case of the 
acetylthioncarbamic esters only the methyl! derivatives were found 
to undergo a molecular rearrangement. 

It was shown that the aromatic imido esters, in general, readily 
undergo an analogous metastatic change,? while Dr. H. F. Mer- 


1 Am. Chem. J., 22, 140 (1899) ; Jbid., 24, 60, 189, 424 (1990). 
2 Jbid., 21, 185 (1899) ; 7bzd., 23, 135 (1900). 
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riam has found that the aliphatic members do not show a similar 
tendency. These molecular rearrangements were brought about 
catalytically with only a trace of alkyl halide, and here again 
methyl iodide acted the most readily. By employing a halide 
with a group different from R, it was shown that the change in- 
volved an addition of alkyl to nitrogen and then a separation from 
oxygen. This may be represented as follows: 


NR’— 
N— 4 
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The mechanism of the rearrangement of the thioncarbamic esters 
was previously shown by us to be similar. 

Wislicenus and Goldschmidt! found that N-substituted imido- 
esters undergo a molecular rearrangement on simply heating alone 
to a high temperature, the imidoesters of Pinner being decomposed 
by this treatment. 

We? have found that when R in the above formula is an acyl 
group, the rearrangement takes place by heat alone far more 
readily than when it is an alkyl group. In fact, some of these 
acyl derivatives (acyclo) undergo isomerization as readily as the 
parent substances, the pseudoforms of the amides. 
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It appears also that oxygenimidoanhydrides, —c¢ un- 


OCOR’ 
dergo a molecular rearrangement more readily than thioimido- 


JNR 
anhydrides, —— , and that among these labile forms the 
SCOR’ 


cyclo derivatives, in general, show the greatest stability. Before 
we undertook the investigation of this subject, it was known that 
certain cycloimidoesters undergo a molecular rearrangement on 
heating. 

The first observation of this sort was made by Hofmann and 
Olshausen,’ who showed that o-cyanuric methyl ester gave the 


1 Ber. d. chem. Ges., 33, 1467 (1900). 
2 Am. Chem. J., 30, July (1903). 
3 Ber. d. chem. Ges., 3, 272 (1870). 
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N-derivative on heating. Ponomaren't and Hofmann? then 
further investigated the subject. Haitinger and Lieben*® found 
that methoxypyridine gave methylpyridon, and Knorr* found that 
methoxylepidine gave methyllepidon, facts which led Michael® to 
state that all compounds having the grouping ROCN would give 
the isomeres OCNR on heating. 

In the pyrimidine series, such rearrangements were afterwards 
observed by E. v. Meyer® and by Pinner.? Andreocci® apparently 
found a similar case among the pyro- #’-diazoles. Knorr and 
Fertig® further investigated the molecular rearrangement of alkyl- 
oxyquinoline derivatives by means of alkyl halides and showed 
that the reaction involved an addition. Wislicenus and Korber’® 
showed that the 8-alkyloxycaffeins also undergo a metastatic 
change on heating. This appears to be a complete list of these 
molecular rearrangements in the cyclo series. 

In the acyclo series Grabriel and Neumann™ found that by the 
action of heat benzimidochlorethyl ester is transformed into /A- 
chlorethylbenzamide, and the mechanism of this reaction was 
shown to involve an inner addition with the formation of an inter- 
mediate five-membered ring, by Wislicenus and Korber.’* Re- 
cently the work on the molecular rearrangements of acycloimido- 
esters has been greatly extended by Lander.** 

It is probable that the mechanism of these rearrangements by 
heat alone is similar to that in the case of the action of alkyl 
halides. A small quantity of foreign material may act catalytically, 
by addition and then a separation.1* Or, under the influence of 
heat, this effect may take place within the molecule itself, as in 
the case of the molecular rearrangement of N-dialkylaminoesters 
into betaines.*® 


1 Ber. d. chem. Ges., 18, 3271 (1855). 
2 Jbid., 19, 2061 (1896). 
3 Monatsh. Chem., 6, 323 (1885). 
4 Am. Chem. J., 236, 104 (1886). 
5 J. prakt. Chem., 37, 510 (1888). 
6 Jbid., 39, 271 (1889). 
7 Die Imidoaether u. Ihre Derivate, p. 215 (1892). 
8 Ber. d. chem. Ges., 24, R. 205 (1891). 
9 [bid., 30, 922, 929; Lbid., 30, 937 (1897). 
10 Jbid., 35, 1991 (1902). 
11 Jbid., 25, 2383 (1892). 
12 Jbid., 35, 164 (1902). 
18 J. Chem. Soc. (London), 83, 406 (1903). 
14 Compare Lander: Loc. cit., p. 414. 
45 Willstatter: Ber. d. chem. Ges., 35, 585 (1902). 
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CH,—N(CH;), elle eae 
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OC—O—CH, OC——O CH, 
fa— NR— 
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The three-membered, diac ring in the case of the imido- 
esters not being stable, the bonds shift and the stable amides are 
formed. In fact, this ring-formation is considered in a recent 
article, by Kauffmann, to represent the structure of the pyridines. 
The molecular rearrangement of alkyloxypyridine derivatives 
therefore halts at what corresponds to the intermediate stage in 
other cases. Closely similar to these rearrangements are those 
of the imido acid anhydrides. Outwardly the molecular rear- 
rangements of unsymmetrical acylthioureas, acylpseudothioureas* 
and their corresponding cyclo derivatives, the arylpseudothiohy- 
dantoins, appear to be similar: 


y NHCOR’ 
psc — RS—CE 
(NR)COR’ (NR) 


In these cases the mechanism, however, probably involves the 
formation of an unstable, four-membered ring as an intermediate 
condensation product.* 

All of the unsymmetrical acylthiourea and acylpseudothiourea 
derivatives, which have been investigated, undergo the above 
represented isomerization on melting, and some so readily that 
they cannot be crystallized by warming with alcohol. Similar re- 
sults would be expected in the true amidine series. 

We first selected for examination benzenylphenyl amidine, 


JE: 
CHCe . Two molecular proportions of this substance 


5 
were slowly treated in cold ether with benzoyl chloride. On filter- 


ing from the precipitate of amidine hydrochloride which formed, 
and evaporating the ether spontaneously in a vacuum, a crystal- 
line benzoyl derivative was obtained. This material, when care- 
fully prepared, was homogeneous, and it had the structure repre- 
sented by formula I. When allowed to stand for some time, or, 


1 Ber. d. chem. Ges., 36, 1062 (1903). 
2 Am. Chem. J., 27, 270 (1902). 
3 Jbid., 28, 134 (1902). 
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if an attempt was made to crystallize the substance from a hot 
solution, or if heated, it immediately underwent a molecular re- 
arrangement into the isomeric benzoyl derivative, which is repre- 
sented by formula IT. 


NHCOC,H, 


C,H,C 
NcNc,H,) 
II. 


g H,C 
\(NC,H,)COC,H, 
Mi 


The proof of this rearrangement was obtained as follows: When 
the material obtained directly from the ether solution was treated 
with dilute hydrochloric acid it underwent hydrolysis and gave 
practically the calculated quantity of benzanilide and benzamide. 
No dibenzamide was obtained. 


Ped a I 
CHLCZ — CH,COOH : 
NC,H,.COC,H, -NC,H,.COC,H, 


When another portion of the same preparation was warmed in 
a little alcohol for a few minutes on the steam-bath, and then 
treated with hydrochloric acid, the result obtained was precisely 
the reverse from the above; almost the calculated quantity of 
dibenzamide was obtained, while only a trace of benzanilide re- 
sulted. The hydrolysis took place in this case as follows: 


NHCOC,H, / NHCOG,H, 
CHK = C,H,C—OH 
NNGH, \ INHC,H, 


The molecular rearrangement of unsymmetrical benzoylbenze- 
nylphenylamidine therefore took place with great ease and smooth- 
ness. 

In our next experiment we employed the same benzenylphenyl- 
amidine, but used acetyl chloride instead of benzoyl chloride. In 
this case the product consisted of a mixture of the two following 
acetyl derivatives, corresponding to the above labile and stable 
benzoyl compounds. 


NH NHCOCH 
c,H,c% C,H 


c 
*\CNC,H,)COCH, \(NC,H,) 
TEE. IV. 
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The structure of these products was determined by hydrolysis 
as before with hydrochloric acid. The remarkable fact was then 
discovered that the unsymmetrical acyl derivative III was a per- 
fectly stable substance. It showed no tendency to rearrange even 
at a temperature of 150°-160°. This flagrant breach of analogy, 
as Lachman! states in other cases, certainly calls for protest from 
the systematists. 

We next examined the behavior of the three following isomeric 
amidines with benzoyl chloride: Phenylacetphenylamidine (V), 
p-tolenylphenylamidine (VI), and _benzenylorthotolylamidine 
(VII). 
oncHey. ocHonct. CK 
— a 4“ Bosom. 

V. VI. Vii. 
Phenylacetphenylamidine (V) gave a mixture. This contained an 
unsymmetrical benzoyl derivative, which showed no tendency to 
undergo a molecular rearrangement. It could be repeatedly 
crystallized from alcohol and it could be heated above its melting- 
point without alteration. 

Paratolenylphenylamidine gave a mixture of the two isomeric 
benzoyl derivatives. That the unsymmetrical acyl derivative, 
contained in this mixture, readily undergoes a molecular rear- 
rangement was shown by treating the product with dilute hydro- 
chloric acid. Before heating, benzanilide was obtained ; when the 
product was simply warmed on the steam-bath and then treated in 
the same manner with hydrochloric acid, no benzanilide resulted. 

Benzenylorthotolylamidine gave the stable symmetrical amidine 
directly; the formation of an unsymmetrical derivative 
was not observed. These results show that the point 
of attack of-:acyl chlorides on the amidines differs in 
different cases and that both acyl derivatives may be formed 
together without involving a metastatic change. No conclusions 
as to whether a new unsymmetrical acyl amidine will or will not 
undergo a molecular rearrangement can be drawn from these ex- 
periments and no generalization can be made with the data at 
hand. The structure of the acyl amidines obtained gives no clue 
to the tautomeric form of the amidines beyond the probability 
that, in the cases where molecular rearrangements do take place, 

1 This Journal, 23, 907 (1901). 
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the structure of the amidine corresponds to that of the stable form 
of the acyl derivative. The results also emphasize how unsafe it 
is to predict from analogy. They suggest that perhaps similar 
results may be observed in other series, the closely analogous 
imido acid anhydrides, for example. 

In the course of the work, we found that, if pyridine was present, 
on treating an amidine with an acylchloride that diacyl derivatives 
resulted. We also examined the behavior of a cycloacylphenyl- 
guanidine on heating, viz., 2-amino-3-phenyl-4-ketodihydroquin- 
azoline (VIII). From its similarity in structure to benzoylben- 
zenylamidine and to the labile phenylpseudothiohydantoin, which 
readily undergoes a metastatic change at 100°, a molecular rear- 
rangement might be expected to take place in this case as follows: 


NH—C=NH N = C_NHGH, 
CH — | 
‘\co—NC,H, *"\co—NH 
VIII. 


The material, however, proved to be quite stable and it sublimed 
unaltered at a high temperature. 


EXPERIMENTAL PART. 


Unsymmetrical Benzoylbenzylphenylamidine was prepared by 
slowly treating two molecular proportions of benzenylphenylami- 
dineinice-cold, dry ether with benzoyl chloride. The ether solution 
was then filtered and the filtrate evaporated in a vacuum. The 
crystalline mass thus produced, after washing with a little cold 
alcohol, melted at about 95°-97°, when carefully prepared. Ina 
number of preparations it melted somewhat higher but then it 
was found to contain more or less of the isomeric symmetrical 
derivative. A nitrogen determination gave 9.8 per cent. nitrogen. 
Calculated for C,,H,,ON,, 9.3 per cent. When an attempt was 
made to purify the material by crystallizing from alcohol, it under- 
went a molecular rearrangement into symmetrical benzoylben- 
zenylphenylamidine (melting-point 143°), which has already been 
described in a paper from this laboratory.* 

Action of Hydrochloric Acid.—The material melting at 95°-97° 
(0.95 gram) was treated with 2 cc. of alcohol and 2 cc. of 22 per 
cent. hydrochloric acid. The amidine dissolved and then a mass 
of crystals separated; the whole was warmed to boiling, cooled 

1 Am. Chem. J., 20, 573 (1898). 











794 H. L. WHEELER, T. B. JOHNSON AND D. F. MCFARLAND. 


and then treated with9gcc. of 15 per cent. sodium hydroxide solution. 
The insoluble material was washed with 12 cc. of water; it melted 
at 156°-159° and it weighed 0.60 gram. This proved to be benz- 
anilide, the calculated quantity of benzanilide being 0.62 gram. 
On acidifying the alkaline solution with acetic acid no precipitate 
was formed. This shows the absence of dibenzamide and of the 
symmetrical benzoyl derivative in the original material. On 
shaking the solution with ether, benzamide was extracted. 

Behavior on Heating.—Another portion of the benzoyl deriva- 
tive melting at 95°-97° (0.95 gram) was warmed on the water- 
bath in 10 cc. of alcohol for a half hour. The alcohol was then 
evaporated and the varnish obtained was treated with 2 cc. of hy- 
drochloric acid as above, except that no alcohol was used. On 
gently warming, the varnish solidified to a mass of colorless 
needles. When washed with water and dried, this weighed 0.62 
gram. This all dissolved in 5 cc. of 15 per cent. 
alkali diluted with 5 cc. of water, except 0.03 gram of 
material, and was precipitated by acetic acid. It melted at 145°- 
147° and had all the properties of dibenzamide, the yield being 
about 87 per cent. of the calculated. These results prove con- 
clusively that a rearrangement of the unsymmetrical benzoyl de- 
rivative took place on heating. 

Unsymmetrical Acetylbenzenylphenylamidine.—The product, in 
this case, on evaporating the ether, formed a varnish which finally 
solidified. It then melted at about 114° and when mixed with 
acetanilide the melting-point was lowered to 90°-95°. It crystal- 
lized from alcohol in the form of colorless prisms and then melted 
at 128°-129°; when this was mixed with benzamide the melting- 
point was lowered to 110°. A nitrogen determination gave 11.41 
per cent. nitrogen. Calculated for C,,H,,ON,, 11.76 per cent. 
The alcoholic mother-liquors from the above were allowed to 
stand at ordimary temperature, whereupon prisms of the symmet- 
rical acetylbenzylphenylamidine melting at 138°-139° were ob- 
tained. ‘This was described in a previous article.’ 

Action of Hydrochloric Acid.—The above acetyl derivative melt- 
ing at 128°-129° was warmed in alcohol with hydrochloric acid, 
the alcohol was evaporated, and the residue on crystallizing from 
water gave plates of acetanilide melting at 112°-113°. 

1 Am. Chem. /., 20, 574 (1898). 
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Behavior on Heating.—The acetyl derivative, which was proved 
to have an unsymmetrical structure by the above experiment, was 
heated at various temperatures and finally for two hours at 150°- 
160°. A slight decomposition took place, but on crystallizing 
from benzene unaltered material was obtained. When mixed 
with the symmetrical derivative the melting-point was lowered to 
108°-115°. There was no evidence of a rearrangement having 
taken place. Owing to the difficulty with which the following 
amidines dissolve in ether, chloroform was tried as a solvent in 
some of the experiments. The results were not satisfactory, as 
decomposition products were formed which interfered with the 
isolation of the acyl amidines. The best results were obtained 
when the amidines were simply suspended in dry ether and allowed 
to stand for some time with the required amount of benzoyl chlo- 
ride. 

Benzoylphenylacetamide, C,H; CONHCOCH,C,H,.—This was 
formed along with benzanilide and other products when phenyl- 
acetphenylamidine was treated with benzoyl chloride in chloro- 
form. The hydrochloric acid salt of the amidine did not separate 
in this case but was removed in the subsequent treatment with 
water. The product was a semi-solid mass which, when dissolved 
in benzene, gave benzanilide and then colorless prisms which, after 
several recrystallizations, melted at 129°-130°. A nitrogen deter- 
mination agreed with the calculated for benzoylphenylacetamide. 
Calculated for C,;H,,0,N, 5.8 per cent. Found, 6.1 per cent. 
The material was soluble in cold alkali. 

Unsymmetrical Benzoylphenylacetphenylamidine-—Ten grams 
of phenylacetphenylamidine were suspended in 100 cc. of dry 
ether, and after 3.3 grams of benzoyl chloride had been added the 
mixture was allowed to stand four hours. The solid material 
then removed by filtration was found to dissolve completely in 
water and was therefore the hydrochloric acid salt of the amidine. 
After the ether solution was evaporated, a gum remained which 
did not crystallize on standing. When dissolved in alcohol, it gave 
colorless plates which, after three recrystallizations from alcohol, 
melted at 110°-111°. The liquid was slightly cloudy up to 118°. 
A nitrogen determination gave results agreeing with the calculated 
for a monobenzoylphenylacetphenylamidine. Calculated for 
C,,H,,ON,, 8.9 per cent. Found, 8.6 per cent. 
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Action of Hydrochloric Acid.—One-half a gram of the material 
melting at 110°-111° was treated with hydrochloric acid, as in the 
previous cases, whereupon the leaf-like crystals of benzanilide were 
obtained, melting at 157°-158°. When this benzoyl derivative was 
heated above its melting-point (140°) and then crystallized from 
alcohol, the melting-point rose to 122°-123°, but, on treating this 
material with hydrochloric acid, little or nobenzoylphenylacetamide 
was obtained. 

Dibenzoylphenylacetphenylamidine was prepared by mixing in 
chloroform, 4.4 grams of the amidine,.1.6 grams of pyridine and 
2.9 grams of benzoyl chloride, the latter diluted with ether. The 
precipitate which formed consisted of the hydrochloride of the 
amidine. The chloroform contained material which, on crystal- 
lizing from alcohol, formed colorless prisms and melted at 175°. 
A nitrogen determination gave 7.2 per cent. nitrogen. Calculated. 
6.7 per cent. When treated with hydrochloric acid, benzanilide, 
phenylacetamide and benzoic acid were obtained. 

Symmetrical Benzoylparatolenylphenylamidine.—Paratolenyl- 
phenylamidine (6.1 grams) suspended in 100 cc. of dry ether was 
treated with 2 grams of benzoyl chloride in 25 cc. of ether. The 
mixture was allowed to stand for three hours. «On filtering and 
evaporating the ether, a gummy mass was obtained which, on 
crystallizing from alcohol, gave clusters of colorless prisms melt- 
ing at 126°. A nitrogen determination showed that this substance 
was a monobenzoylparatolenylphenylamidine. Calculated for 
C,,H,,ON,, 8.91 per cent. Found, 8.82 per cent. 

Action of Hydrochloric Acid——One gram of the material was 
suspended in alcohol and warmed with a few drops of hydrochloric 
acid. On standing, colorless needles separated which, on crystal- 
lizing from alcohol melted sharply at 112°-113°. A nitrogen de- 
termination indicated that this substance was paratoluylbenzamide, 
CH,C,H,CONHCOC,H,. Calculated for C,,H,,0O,N, 5.85 per 
cent. Found, 6.34 per cent. That this was the diacyl amide was 
further shown by the fact that the material dissolved in alkali and 
was decomposed into paratoluic amide melting at 151°-157°. The 
unsymmetrical benzoyl derivative in this case was not 
isolated in a state of purity. That it was present in the gummy 
mass described above was shown by the fact that benzanilide was 
obtained when the product was treated with dilute hydrochloric 
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acid. A portion of the crude reaction product was warmed on 
the steam-bath and then treated with hydrochloric acid, whereupon 
no benzanilide was obtained. 

Dibenzoylbenzenylorthotolylamidine——Ten grams of benzenyl- 
orthotolylamidine were suspended in 100 cc. of dry ether and 
treated with 3.3 grams of benzoyl chloride in 20 cc. of ether. The 
mixture was then allowed to stand over night. The amidine 
hydrochloride which separated was mixed with some material 
which did not dissolve when the mixture was treated with water. 
When this material was crystallized from alcohol, colorless, beauti- 
ful, diamond-shaped plates were obtained, melting sharply at 
167°. A nitrogen determination showed that this material was 
a dibenzoyl derivative: Calculated for C,,H,.O,N., 6.7 per cent. 
Found, 7.0 per cent. When this substance was treated with dilute 
hydrochloric acid in alcohol, crystals of benzorthotoluide separated 
melting at 142°. 

Symmetrical Benzoylbenzenylorthotolylamidine—On evapo- 
rating the ether solution from the above dibenzoyl derivative, a 
varnish was obtained. From this, on crystallizing from alcohol, 
colorless prisms were obtained melting at 111°-113°. A nitrogen 
determination gave 8.9 per cent. Calculated for C,,H,,ON,, 8.9 
per cent. 

Action of Hydrochloric Acid.—A gram of the substance was 
treated with dilute hydrochloric acid (2 cc.) and 2 cc. of alcohol. 
From this solution long, colorless needles of dibenzamide separated, 
melting at 148°. When these needles were mixed with dibenz- 
amide the melting-point was not lowered. 

Orthophenylguanidinebenzoic Acid, 

/NH.C(NH)—NHCH, 
CoH 

COOH 
ments with pseudothioureas we heated orthoaminobenzoic acid 
with phenylpseudomethylthiourea and obtained a product which 
crystallized from alcohol in colorless prisms, melting at 248°. 
This material was not dissolved at first by sodium hydroxide or 
hydrochloric acid, but on standing in these solvents it underwent 
a change, being converted into a substance, crystallizing in hair- 
like needles from alcohol, melting at 256°. ‘This latter material 
was readily soluble in alkali, and a nitrogen determination gave 


.—In the course of some experi- 
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results agreeing with the calculated for 2-anilino-4-ketodihydro- 


N = C.NHC,H, 
quinazoline, CHC | Found, 17.67 per cent. 

CO--NH 
Calculated for C,,H,,ON;, 17.72 per cent. 

At this point we were unable to decide whether the above 
product first obtained, melting at 248°, underwent a direct conden- 
sation into the above quinazoline derivative soluble in alkali, or 
whether it first condensed to give the isomeric 2-amino-3-phenyl- 
4-ketodihydroquinazoline, which would be insoluble in alkali, this 
then undergoing a molecular rearrangement into the above 
quinazoline, melting at 256°. To decide this question we prepared 
2-amino-3-phenyl-4-ketodihydroquinazoline from  2-Chlor-3 
phenyl-4-ketodihydroquinazoline——This chloride was prepared 
from 2-thio-3-phenyl-4-ketotetrahydroquinazoline by following 
the directions of McCoy.? 

McCoy obtained this chloride, but did not purify the substance. 
We found that the oil first obtained solidified and could be crystal- 
lized from alcohol. It then formed colorless prisms and melted 
at 132°. It was analyzed with the following results: Calculated 
for C,,H,ON,Cl, 10.9 per cent. nitrogen. Found, 10.7 and 11.1 


per cent. 
2-Amino-3-phenyl-4-ketodihydroquinazoline, 
N=C—NH, 
C.H, | = 
CO—NC,H,; 


The above chloride was heated in a closed tube at 120°-130° with 
an excess of alcoholic ammonia. The product crystallized from 
alcohol in colorless prisms and melted at 237°-238°. It was in- 
soluble in sodium hydroxide, as was expected, and a nitrogen de- 
termination gave: 17.50 per cent. nitrogen. Calculated for 
C,,H,,ON,, 17.72 per cent. When this material was boiled with 
dilute hydrochloric acid, complete solution finally took place and, 
on cooling, 3-phenyl-2,4-diketotetrahydroquinazoline? separated. 
When the above cyclcacylguanidine was heated above its melting- 
point (in a bath at 250°), it simply sublimed unaltered without 
undergoing any molecular rearrangement. 


1 Ber. d. chem. Ges., 30, 1691 (1897). 
2 Busch: J. prakt. Chem., 51, 265 (1895); Paul: Ber. d. chem. Ges., 27, 978 (1894). 


NEW HAVEN, CONN., May 26, 1903. 
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[CONTRIBUTION FROM THE CHEMICAL LABORATORY OF THE UNIVERSITY 
OF NoRTH CAROLINA. ] 


MERCUROUS SULPHIDE. 


By CHAS. BASKERVILLE. 
Received May 25, 1903. 

In the paper “On the Reactions between Mercury and Concen- 
trated Sulphuric Acid,” by F. W. Miller and the writer, two 
statements were made, which, while true for the conditions given, 
require modification in the light of knowledge recently gained. 
“The reaction is by no means like that of copper’’* (p. 874) and 
“No sulphide was produced, nor any free sulphur” (p. 876). By 
great variations of one of the factors, time, sulphide was obtained. 
The experiment was continued through a period of five years and 
one week. Ten grams of pure mercury*® were covered with 50 
grams of chemically pure sulphuric acid (99.65 per cent.) in a 
well-ground, glass-stoppered bottle of about 100 cc. capacity and 
allowed to remain at the temperature of the laboratory (never 
over 30° C.) for the period mentioned. While the bottle was never 
subjected to the direct rays of the sun, no attempt was made to 
shield it from the light. 

When the bottle was opened, there was a strong outward pres- 
sure, and noticeable quantities of sulphur dioxide escaped. This 
corroborates the statements put forward in our second paper* in 
controversion of the criticism of Pitman.’ Morley* and Berthelot’ 
have also shown, independently, that mercury and sulphuric acid 
of maximum concentration react at ordinary temperatures with 
the evolution of sulphur dioxide. 

The point of especial interest in the experiment lay in the 
simultaneous formation of a sulphide of mercury, which showed 
that the mercury resembles copper in this reaction more than was 
thought. Upon the bright metal there separated flakes, which 
resembled plates, of mercurous sulphide. The acid was decanted, 
a large volume of water added and quickly decanted. This was 


1 This Journal, 19, Nov., 1897. 

2 Jbid., 17, Nov., 1895, and 18, Nov., 1896. 

3 Loc. cit. 

4 This Journal, 20, 515. 

5 [bid., 20, 100. 

6 Loc. cit. 

1 Chem. News, 76, 325; Compt. rend., 12§, 20. 
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done several times. The bottle was inclined and revolved so that 
most of the sulphide was caused to cling to the sides of the vessel, 
the metallic mercury poured out and the sulphide thrown upon a 
filter and washed with alcohol (95 per cent.) until the wash-water 
was no longer acid. The brownish black plates (about 0.2 gram) 
were dried at 110° C. and analyzed by Mr. R. O. E. Davis of this 
laboratory. : 


Amount Sulphur found. Mercury found. Calculated for 
taken. Per cent. Percent. Hg.S. 
0.0866 8.23 sees 7.41 
0.0707 tee 91.94 92.59 
Total eee 100.17 100.00 


The quantity remaining was too small to examine for the pres- 
ence of free sulphur, although from the analysis it appears that 
0.82 per cent. of free sulphur was present. As no quantitative 
determination of the sulphur dioxide, mercury sulphates produced, 
and so forth, were made, it is impossible to indicate the course of 
the reaction by an equation. 

Authoritative works (Richter, Dammer, etc.) state that mer- 
curous sulphide is not definitely known. Berzelius' said the black 
precipitate produced by hydrogen sulphide with mercurous salts 
was mercurous sulphide, but Barfoed? has shown that it is a 
mixture of mercuric sulphide and mercury. Antony and Sestini® 
state that hydrogen monosulphide acting upon mercurous salts 
below o° C. give mercurous sulphide, which above that tempera- 
ture decomposes into mercuric sulphide and mercury. 

Mercurous sulphide heated in a closed tube turns white (doubt- 
less due to oxidation), becomes slightly yellow, then melts to a 
dark orange-brown liquid, which changes to a white solid on 
cooling, as does mercurous sulphate. 


1 Archiv. d. Apothekervereins im nordl. Deutschland, von Brandes, 18, 292. 
- 27. prakt. Chem., 93, 230. 
8 Gazz. chim. Ital., 24, I, 193. 
UNIVERSITY OF NORTH CAROLINA, 
May 8, 1903. 








THE ACTION OF METALLIC MAGNESIUM UPON AQUEOUS 
SOLUTIONS. 


By CHARLOTTE F. ROBERTS AND J,OUISE BROWN. 
Received May 27, 1903. 

The paper read by Mr. Kahlenberg on the above subject, at 
the Washington meeting of the American Chemical Society, inter- 
ested us so much that we undertook a few simple experiments in 
the same line for ourselves. Since his paper has appeared in 
print? we find that in a few particulars our results differ from his 
and that our experiments have been carried on along somewhat 
different lines, and it has therefore seemed possible that our re- 
sults also might be of interest to others. 

In all of our experiments the modus operandi was the same. 
A 100 cc. gas-measuring tube was filled with the solution to be 
employed. In the mouth of this tube a one-holed rubber stopper 
was inserted, and a piece of magnesium ribbon was held in place 
in the solution by fastening it to the stopper with a bit of cheese- 
cloth and some thread. The whole was then set up, in most cases 
in a tall jacket containing more of the same solution, for con- 
venience in measuring, frequently, the volume of the gas under 
atmospheric pressure. The magnesium used was the magnesium 
ribbon manufactured by Schuchardt, and in our experiments the 
solution was always in excess. We used in most of our experi- 
ments an amount of magnesium equivalent to about 50 cc. of gas, 
or a piece about 8 cm. in length: 

The most important particular in which our results differed 
from those of Mr. Kahlenberg was in the action of magnesium on 
distilled water. We found that if we used ammonia-free water, 
freshly boiled to drive out dissolved gases, no gas collected in 
the tube. The experiment was tried first with a short strip of 
magnesium ribbon and left standing for a week. It was then re- 
peated with a strip of magnesium ribbon 50 cm. in length and 
left standing for four weeks. The magnesium appeared slightly 
tarnished, but no trace of gas was visible at the end of that time. 
When unboiled distilled water was used, in the same length of 
time, with much smaller amounts of magnesium, varying amounts 

1 This Journal, 2g, 380. 
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of gas, from 2 to 3 cc., were collected. These results are appar- 
ently in opposition to those obtained by Bryant, who states that 
boiled and unboiled water have the same effect on magnesium.’ 

The experiment was tried of taking some of the pure boiled 
distilled water and passing a current of oxygen through it before 
setting up the apparatus. In this case gas began to collect after 
standing twenty-four hours, and in the course of two weeks, 2.7 cc. 
of gas had collected from a strip of magnesium about 8 cm. in 
length. When a similar experiment was tried, using carbon 
dioxide instead of oxygen, the escape of gas was, as might have 
been expected, very rapid, the rate being greatest at first and de- 
creasing with the time, as with other acids. 

The principal facts indicated by our experiments seem to be: 

(1) That magnesium is without action on distilled water, boiled 
to free it from gases and carefully cooled out of contact with air. 

(2) That magnesium acts on undistilled water and on unboiled 
distilled water, setting free varying amounts of gas; also on water 
boiled and afterward charged with oxygen or carbon dioxide. 

(3) That the hydrogen equivalent of magnesium can be ob- 
tained from aqueous solutions of varying strengths of the chlorides 
of sodium, potassium, magnesium, barium, calcium and strontium ; 
also very slowly from the sulphate of magnesium (probably also 
of sodium and potassium); also from such dilute solutions of 
hydrochloric and sulphuric acids as contain in themselves but a 
small proportion of the hydrogen liberated. 

(4) That with the same surface of magnesium the action of 
the chlorides is much more rapid than that of the corresponding 
sulphates. With chlorides of the same metal, the rate is de- 
pendent upon the concentration, though no strict proportionality 
can be traced. The maximum rate is more quickly attained in the 
stronger solution than in the weaker and is greater in amount, but 
the length of time for completing the reaction does not differ very 
much in the two cases. 

(5) With equimolecular solutions of chlorides of sodium, po- 
tassium, magnesium, calcium, strontium and barium, the order of 
rapidity of action upon magnesium ribbon in our experiments was 
as follows: Magnesium, barium, strontium, calcium, sodium and 
potassium. 

1 Chem. News, Nov. 3, 1899. 
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In such experiments as these it is, of course, impossible to de- 
termine exactly the end-point of the reaction or to measure with 
any accuracy the rate of the reaction as it approaches completion. 
Occasional tapping of the tube is necessary to liberate the last 
portions of gas, and there is always the possibility that some 
magnesium may be covered by the precipitate and left unacted 
upon. We observed, however, what was mentioned by Mr. Kah- 
lenberg, viz., that the coating of precipitate over the magnesium 
did not retard the action as much as might have been expected. 
Even when the magnesium ribbon appeared to be entirely crusted 
over, the reaction went on until approximately the hydrogen 
equivalent of the magnesium had been collected. It is true that 
the results as shown in the following tables run a little low, but 
considering the possible sources of error, they seem near enough 
to justify the statement that the hydrogen equivalent may be set 
free in all cases. : 


TABLE I. 
(Solutions contained 1/,, gram-mol. per liter. ) 
Weight of magnesium Weight of magnesium 

calculated from gas. taken. 
MgCl, -cccsecccccccccers 0.0538 0.0539 
MEG oi dcacwcicccndcccccsins 0.0535 0.0539 
IMAG) cise «ac sine eioscieie ests 0.0525 0.0539 
BaCl, «eeeeececcccce veces 0.05345 0.0540 
Cale ocsece cccccsccncc se 0.05276 0.0534 
Srl, occcccccccccvccvess 0.0526 0.0534 
MgSOy.--eeeececcecceece 0.0530 0.0539 


Although but one result is given, confirmatory experiments were 
made in almost every case. 

The time required for the completion of the reaction, with the 
amounts above given, was from twenty-four to forty-eight hours 
in the case of the chlorides, but in the case of the sulphates was 
much greater. The sulphates of sodium, potassium and magnesium 
were all tried, and the one which acted most rapidly was mag- 
nesium. With this it took nearly four weeks to get the result 
above given. With the sulphates of sodium and potassium the 
action was so slow that the experiment was discontinued before 
the reaction was completed. 

That very dilute solutions of the chloride of magnesium are 
adequate to set free the hydrogen equivalent of the magnesium 
is indicated by our experiments with very dilute hydrochloric 
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acid. The acid used was of such strength that from 100 cc. only 
8.1 cc. of hydrogen could be set free. The tube was inverted in 
a small dish containing more of the same liquid, and this might 
increase the possible yield of hydrogen by a small amount. The 
apparatus was left standing for a week, although the operation 
was probably completed a little before that time. At the end of 
a week, the volume of hydrogen was 52.5 cc. at a temperature of 
19° C. and pressure of 765 mm. This corresponds to 0.0540 gram 
of magnesium, and the weight of magnesium taken was 0.0539 
gram. A study of the rate of this reaction per twenty-four hours 


is interesting. 


TABLE II. 
Volume of gas Volume increment 
collected. per hour. 
TSt 24 Hours .---- sees se veces vee 5.2 0,22 
and 24 HOUrs.....-seeceecececeees 7.8 O.I 
3rd 24 Hours ...-see cess ee seeee ice 17.6 0.4 
4th 24 hours ....+.-ceeseecce scenes 29.8 0.5 
BR LRNOT < kaw ws es.0c0s cae. bale 35.1 0.66 
Oth 24 hours ..-..eeeeeee cece evens 48.0 0.32 
7th 24 hours ....--seeeee cee cece 52.5 0.19 


The relation between the time and the amount of gas collected 
is therefore represented by the following curve: 
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Fig. 1. 
It will be noticed that the rate of the reaction at first decreases 
with the time, as is usual with the action of an acid on a metal; 
then, when an amount of gas has been collected nearly equal 
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to the amount calculated as contained in the hydrochloric acid 
used, the rate increases until it reaches a maximum and then de- 
creases in about the same way as has been observed when the 
metal was put directly into a solution of magnesium chloride. In 
this case, when the rate began to increase, the amount of mag- 
nesium which had gone into solution as magnesium chloride can 
not have been greater than 10 milligrams. 

As has just been indicated, we observed that the curve showing 
the relation between the time and the volume increment in a given 
time was distinctly different in the case of the action of acid in 
excess upon magnesium, and the action of aqueous solutions of 
chlorides. This is shown in the following table: 


TABLE III. 
HCl. MgcClo. 1/6 molecule per liter. 
(Weight magnesium (Weight magnesium 
taken = 0.0536.) taken = 0.0539.) 
Volume of Rate per Volume of Rate per 
gas. hour. gas. hour. 
PHONE eo ccaiews eens 11.6 11.6 0.9 0.9 
2 hours........-...--. 18.2 6.6 3-9 3.0 
B Sf)  disieissmnsicraceraers see 3.6 8.7 4.8 
By SS ingot Meeincanlon naan 2.3 F3.5 4.6 
i Se ewan Cavene ee Seen 2.0 17.6 4.3 
CS adeeoeiaes ore 29:7 1.6 21.3 3-7 
BE issih we marsilire ns eee ee 24.8 3.5 
en cee ene eas ee 28.3 3-5 
QS shawresccwste des eee ee 31.6 3.3 
FOr SS ieakgeiseenacines wie aa 34.2 2.6 
Be 88 cleanses sais a 36.4 2.2 


These data and corresponding ones in regard to certain other 
solutions are represented in the following curves, which show 
how the volume increment per hour changes as time advances. 
It will be observed that the acid-rate curve is a rapidly descending 
one, according to the law of mass action, whereas in the case of 
the chlorides, the curve ascends in each case until it reaches a 
maximum and then descends slowly. 

The maximum rate depends upon the particular chloride em- 
ployed and upon the strength of the solution. With different 
concentrations of the same salt, the maximum rate is higher in the 
case of a strong solution than with a weak one and is, in general, 
more quickly attained. The curves also show that after the maxi- 
mum rate has been reached, there is a tendency for the rates to 
approach one another, so that after four or five hours, the volume 
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VOLUME INCREMENT PER Hour. 





Fig. 2. 
increments per hour do not vary much with the different con- 
centrations. 

Although Mouraour and others have stated that the action of 
magnesium on solutions of the alkaline earth metals is feeble, it 
was not our experience that the rate of the reaction with these 
substances fell so very far behind that on solutions of the same 
strength of magnesium chloride. In order to compare the rates 
of action of the chlorides of the alkali and alkaline earth metals, 
solutions containing 1/,, gram-mol. per liter were set up as nearly 
as possible at the same time; pieces of magnesium ribbon 33 cm. 
long were used and observations taken every half hour. A solu- 
tion of magnesium chloride containing */,, gram-mol. per liter 
was also used. The results of these experiments are expressed in 
the following table: 


TABLE IV. 


Volume of gas collected. 
KCl. NaCl. CaCle. SrCly. BaCle. MgCle. 3); o>MgCle. 


1 hour....... 0.7 1:7 2.2 2.3 3.0 3-3 3:2 
2 hours...... 3.5 5.6 6.6 7.0 9.9 11.6 13.8 
BE seswele 90 11.8 13.2 14.3 21.2 24.6 29.8 


Bee Se occisntc 16.6 19.5 22.7 24.1 34-4 37:5 42.4 








KCl. NaCl. CaCle. SrClo. BaClg. 
5 hours.....- 25.0 27.4 32.1 33.8 45-5 
Go eaecne 33.8 35-3 41.0 43.0 55-3 
tS = aane 41.6 42.6 48.8 51.6 64.3 
Be “accuse er 49.4 56.0 59.8 72.5 

Volume increment per hour. 

KCl. NaCl. CaCle. SrClo. BaClg. 
¥ hours..cese 0.7 7 2.2 2.3 3.0 
2 hours...... 2.8 3.9 4.4 4.7 6.9 
Ba EE Teecens 5.5 6.2 6.6 Y 13 
A! cowesing 7.6 V9 9.5 9.8 13.2 
im FC. ices 8.4 7.9 9.4 9.7 It1 
Gio tt A re cacs 8.8 7.8 8.9 9.2 9.8 
GM ecieide 7.8 7:3 7.8 8.6 9.0 
By Oe eies ae 6.8 7.2 8.2 8.2 
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3/49 MgCle. 
54.0 
64.8 
74.6 
83.4 


3/)>MgCle. 
3.2 
10.6 
16.0 
12.6 
11.6 
10.8 
9.8 
8.8 
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The curves representing the relation between the time and the 
volume of gas collected show at a glance the similarity in action 
of the sodium and potassium chlorides, and also of the chlorides 





7 
Fig. 4. 

of calcium and strontium, but that the action of the barium salt 
is more nearly like that of the magnesium chloride than like that 
of the other alkaline earth chlorides. It will be noticed that the 
chloride of magnesium attains its maximum rate in the third 
hour, the salts of the alkaline earth metals in the fourth hour, and 
of sodium and potassium in the fifth and sixth hours; also that the 
sodium begins more rapidly than the potassium, but that the 
potassium gradually gains upon the sodium. In all cases, the rate 
of the reaction at first increases and then decreases, as is shown in 
the accompanying graphic representation of therelation between the 
time and the volume increments per hour. The potassium and 
strontium curves are omitted becausethey correspond sonearly with 
the sodium and calcium, and the curve of the weaker magnesium 
chloride solution is only given in part, because, after passing the 
maximum, it coincides in various parts with the barium chloride 
and the stronger magnesium chloride. It is noteworthy that the 
curves, which reach the highest maxima, descend the most rapidly, 
and therefore there is a tendency to approach a uniform rate. It 
should perhaps be mentioned that the hydrogen equivalent of the 
magnesium used would be about 200 cc., so that these observations 
were made only during the first part of the reaction. 
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The persistency of type of the rate curve in all these salts, con- 
sisting as it does of an ascending and then a descending portion, 
seems to us of sufficient importance to be taken into account in 
any explanation of the phenomenon. 


CHEMICAL LABORATORY OF WELLESLEY COLLEGE, 
WELLESLEY, MASS. 


[CONTRIBUTIONS FROM THE CHEMICAL LABORATORY OF THE UNIVERSITY 
OF CINCINNATI, No. 59.] 


A METHOD FOR THE DETECTION OF CHLORIDES, 
BROMIDES AND IODIDES.' 


By STANLEY BENEDICT AND J. F. SNELL. 
Received June 5, 1903. 


THE problem of the detection of chlorides, bromides and iodides 
in presence of each other is one to which a great deal of attention 
has been devoted, and the present proposal of a new method is 
justified only by the conviction of the authors that in simplicity of 
execution, in reliability and in delicacy this method is superior to 
any hitherto proposed. : 

Like many of the methods proposed in the past, the one here 
presented is based upon the varying ease of oxidation of the halo- 
gen acids. It arose from a reasonably successful attempt to use 
dilute nitric acid as the oxidizing agent. Concentrated nitric acid, 
added dropwise, was employed for this purpose by Kebler,? who 
states that during a five years’ trial by students it gave very satis- 
factory results. We have found that if nitric acid of suitable 
dilution is used, it is indeed possible to boil a mixture of the 
halogen salts with it long enough to liberate and expel all the 
iodine and bromine without any noticeable loss of chlorine. We 
may cite here two out of about twenty-five experiments. The acid 
was of five times molar strength and the quantity used was about 
half the volume of the solution to be tested: 

1. Cl detected in a mixture of 49.9 cc. N KBr and 0.1 cc. N NaCl. 

2. Cl detected in a mixture of 10 cc. N/1oo KI, 9.8 cc. N/1oo KBr, ando.3 
ce. N/100 NaCl. 

The substitution of dilute for concentrated nitric acid obviates 
one defect in Kebler’s method, viz., that the concentration of the 


1 Read before the Ciricinnati Section of the American Chemical Society, May 13, 1903. 
2]. Anal. Appl. Chem., 6, 569 (1892). 
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acid in the test solution was not well enough controlled, but there 
are at least two objections that apply to the method, even when 
the dilute reagent is used, viz., that the separation between iodide 
and bromide is by no means sharp and that in some instances 
iodic acid is formed in sufficient quantity to give a precipitate with 
silvernitrate resembling silver chloride. In the courseof the experi- 
ments referred to above we observed in several instances that a 
solution of pure potassium iodide, after boiling with dilute nitric 
acid until colorless, would give with silver nitrate a white precipi- 
tate, soluble in ammonium hydroxide (therefore not iodide) and 
that this precipitate was not obtained from another portion of the 
decolorized solution after neutralizing with ammonia, acidifying 
with oxalic acid, evaporating to dryness and redissolving in nitric 
acid (therefore iodate). Another fact noticed in the course of 
these experiments was that a solution containing both potassium 
bromide and potassium iodide was decolorized somewhat more 
quickly than a solution of bromide alone. This also pointed to the 
conclusion that some iodic acid was formed by the action of the 
nitric acid on the liberated iodine, for the hydrobromic acid would 
be oxidized more readily by iodic than by nitric acid. 

It was the above-mentioned observation that led to the use of 
the reagent proposed in our present method, viz., iodic acid in the 
form of potassium iodate. This oxidizing agent will not react with 
any of the halide ions in neutral solution, but will liberate iodine 
from potassium iodide in acetic acid solution, while the bromine of 
potassium bromide is not at all liberated, except upon addition of a 
stronger acid. As the stronger acid for liberating the bromine 
we employ nitric acid (dilute) for the two reasons that in the 
presence of this acid it is easy to eliminate any excess of potassium 
iédate and that, on the other hand, should the quantity of potas- 
sium iodate added be insufficient to react with all the bromide, 
the nitric acid is itself capable of effecting a complete separation. 
The first reason is the main one, as, in general, the quantity of 
potassium iodate added will be sufficient to react with all the bro- 
mide. 

According to Fresenius,’ the use of iodic acid or of potassium 
iodate and hydrochloric acid as a reagent for iodides was pro- 
posed by Liebig. Fresenius objects that the reagent “must be 

1 “ Qualitative Analysis,” Wells’ translation (1897), p. 380. 
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used with the greatest caution” because ‘“‘an excess of iodic acid 
will at once put an end to the reaction.” It is obvious that this 
objection applies only to the use of the iodate with hydrochloric 
acid, the liberated iodine combining with the chlorine to form 
iodine chloride. In the absence of hydrochloric acid no such diffi- 
culty exists. Another objection made by Fresenius is that reduc- 
ing agents will liberate iodine from the reagent, thus causing con- 
fusion. In reply to this objection we would point out that the 
halogen acids can be easily separated from all the other common 
acids, with the exception of sulphocyanic, by precipitating in pres- 
ence of nitric acid with silver nitrate and reducing the precipitate 
with zinc and sulphuric acid.t_ The silver sulphocyanate could 
easily be destroyed by igniting the precipitate before reducing it, 
but this is unnecessary. In the presence of sulphocyanate, the 
test for iodide may be made (after neutralizing) by adding first 
sodium acetate and then acetic acid and potassium iodate. It is 
a familiar fact that the acidity of acetic acid is diminished by the 
addition of sodium acetate, the increase in the concentration of 
the acetate ion causing a depression of the dissociation of the acid. 
In such a solution, 7.¢., in one containing an extremely low con- 
centration of hydrogen ions, the reaction between the sulphocyanate 
and iodate is entirely prevented, while that between the iodide and 
iodate still takes place. 

Both of the reagents that Fresenius mentions, viz., free iodic 
acid and potassium iodate with hydrochloric acid, have, of course, 
the further disadvantage that they cannot be used in presence of 
bromides, since they liberate bromine as well as iodine. But po- 
tassium iodate with acetic acid is free from this objection, as well 
as from those raised by Fresenius and has the obvious advantages 
over the commonly employed reagent, chlorine water, that the 
quantity of iodine liberated is one-fifth greater and that there is 
absolutely no danger of decolorization of the liberated iodine by 
excess of the reagent. For the detection of bromides, potassium 
iodate with nitric acid has similar advantages over chlorine water, 
the danger of decolorization by excess being absent and six halo- 
gen atoms being liberated instead of five, but here we have the 
additional advantage that the sixth halogen atom is iodine instead 
of bromine and that consequently the color imparted to the solu- 
tion, whether in water, carbon disulphide or chloroform, is more 
intense. 

1 See Bailey and Cady’s “ Qualitative Analysis,” (1901), p. 209. 
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The superior delicacy of the iodate reagent indicated by the 
above considerations is amply borne out by the results of actual 
tests. Thus, using 5 cc. of solution and shaking with about I cc. 
of freshly decolorized carbon disulphide, we were able to detect 
iodine by use of potassium iodate and acetic acid in an N/60,000 
solution of potassium iodide without failure and in one trial out of 
two in an N/g0,000 solution, while chlorine water gave a very faint 
test upon the third trial with an N/40,000 and failed entirely with 
an N/50,000 solution. Testing in the same manner for bromides, 
using potassium iodate and dilute nitric acid, we obtained colora- 
tion of the disulphide from an N/16,000 solution of potassium 
bromide on warming slightly, while chlorine water gave the test 
in an N/2,500 solution (which is about the delicacy claimed by 
Fresenius, viz., I part of bromine to 30,000 of solu- 
tion), while it failed entirely with an N/4,000 solution. 
It would appear from these results that the  iodate 
is nearly twice as delicate a reagent as chlorine water 
for iodides and four or five times as delicate a reagent for 
bromides, and with freshly decolorized carbon disulphide is capa- 
ble of detecting iodine in 5 cc. of a solution containing I part of 
iodine in 500,000 of solution and bromine in 5 cc. of a solution 
containing I part of bromine in 200,000 of solution. It may be 
remarked in this connection that while the color test for iodine 
or bromine is decidedly more delicate with carbon disulphide 
than with chloroform, the latter reagent is sufficiently delicate 
for ordinary purposes and is, perhaps, preferable as a laboratory 
reagent because it does not become colored on standing. 

METHOD. 

The separation of the three halogens can be conveniently ac- 
complished in a rather wide (say 2 cm.) test-tube in which a 
liquid can be boiled without loss from bumping. The whole 
analysis does not take more than ten minutes. The reagents used 
are neutral potassium iodate of one-tenth, potassium iodide of 
one-fifth, and nitric acid of five times molar concentration. (Spe- 
cific gravity of the nitric acid = 1.18.) The procedure is the 
following : 

(a) To the neutral solution add potassium iodate and acidify 
with acetic acid. Coloration shows the presence of iodide, which 
may be confirmed by shaking a portion with chloroform or carbon 
disulphide. 


1 Loc. cit., p. 359. 
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(b) If iodide is found, add a little more potassium iodate to 
the main portion of the solution and boil. Repeat this procedure 
until further addition of iodate fails to produce coloration, but 
avoid more than a slight excess of iodate. Having expelled 
the liberated iodine by boiling, add to the solution nearly one-half 
its volume of dilute nitric acid. Coloration shows bromide, which 
may be confirmed by shaking a portion with chloroform or carbon 
disulphide. 

(c) Boii the main portion of the solution until colorless, add 
I or 2 cc. of potassium iodide and boil again until colorless. The 
potassium iodide reduces the excess of iodate and the excess of 
iodide added is destroyed by the nitric acid. Boil again until per- 
fectly colorless, then add an equal volume of concentrated nitric 
acid and a few drops of silver nitrate. A white precipitate, insoluble 
on warming, shows chloride. The concentrated nitric acid is added 
to prevent the precipitation of silver iodate in case there should 
still be some iodic acid left in the solution after the treatment with 
potassium iodide. 

If sulphocyanate is present, the test for iodide must be made 
in a small portion of the solution after addition of sodium acetate. 
(We add an equal volume of the normal solution of the acetate.) 
The main portion of the solution is treated as above, the sulpho- 
cyanic and hydriodic acids being both completely oxidized in the 
presence of the acetic acid. 

If salts of other acids are present, acidify the solution with 
dilute nitric acid and precipitate with silver nitrate. Digest the 
washed precipitate with zinc and dilute sulphuric acid. The 
halogen acids and sulphocyanic acid are thus brought into solution. 
Neutralize the solution, filter off the precipitate of zinc hydroxide 
or carbonate and proceed as directed above. 


We have made some comparisons of the delicacy of this method 
for the detection of chlorides in presence of bromides and iodides 
with that of the commonly employed chromy!] chloride distillation 
method. The limit of the latter method was found to be the de- 
tection of chloride in a mixture of 5 cc. N/100 sodium chloride 
with 10 cc. N/100 potassium bromide. With such a solution, a 
very faint yellow ring could be recognized at the top of the liquid 
(ammonium hydroxide solution) in the receiver. With less than 
5 cc. of the sodium chloride solution, we failed to obtain any test 
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by this method, whereas, using our method, we were able to de- 
tect chlorine in mixtures of 0.5 cc. N/100 sodium chloride with 20 
cc. of N/5 potassium bromide and iodide. In fact, the results of 
all our qualitative experiments indicate that absolutely no loss of 
chlorine is suffered in liberating and expelling the iodine and 
bromine. 

To test the adequacy of the above directions we have had first-and 
second-year students of the University of Cincinnati analyze some 
forty mixtures of chlorides, bromides, iodides and sulphocyanates. 
The solutions were of fifth-normal to normal strength. In the 
reports there was but a single error, one student reporting chlorine 
when none was present. Some twenty-five mixtures of more 
dilute solutions, some containing as low as 0.5 cc. of the N/100 
solution of one or other of the halide salts, many containing 
sulphocyanate and some containing salts of other acids, including 
reducing agents, such as sulphites, ferrocyanides, oxalates, etc., 
were analyzed by more experienced persons without error. 

Bugarszky? has employed potassium biiodate and dilute sul- 
phuric acid for the quantitative separation of bromine and chlo- 
rine but has not attempted to separate iodine from the other halo- 
gen elements. We hope soon to be able to communicate a method 
for the estimation of all three elements. 


THE TESTING OF COAL TAR AND OILS AND AN II1- 
PROVED TESTING STILL. 


By H. W. JAYNE. 


Received June 4, 1903. 

In the examination of coal tars and oils, and in determining the 
per cent. of water they contain, it is necessary to distil a consider- 
able quantity of material, from 500 to 1000 cc. at least. In trea- 
tises on this subject, it is usual to recommend the use of glass re- 
torts of several liters capacity. As the temperature in making a 
complete test often rises to 400° C., and as water is usually pres- 
ent, the risk of breakage is very great; and when the distillation is 
finished, it is impossible to remove the pitch or residue completely. 

In our laboratory, where hundreds of these tests are made every 

1 Zischr. anorg. Chem., 10, 387 (1895). 
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year, we found it necessary to substitute a metal still, and, in the 
course of time, improvements have been suggested by the different 
chemists making these tests, until a form of still and condenser 
has been adopted, which will be found convenient for those en- 
gaged in this line of work. 

The still is of heavy copper with straight sides so that it can be 
easily and thoroughly cleaned. The upper edge is surrounded 
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with a heavy turned ring. The lid is of brass, and is clamped to 
the still by a single clamp passing over the top, a paper gasket 
being placed between the two metal surfaces. The condenser con- 
sists of a copper trough open at the top, through which passes a 
glass tube 24 inches long. This form of condenser is particularly 
advantageous for tar distillations. It is filled with water at the 
- beginning of the test, and this is sufficient to condense all the 
lighter portions. When the fractions containing naphthalene be- 
gin to distil, they are liable to choke the tube by the crystallizing 
of this body. ‘To prevent this, a burner is placed under the trough 
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and the water warmed to any degree required. When still higher 
temperatures are reached, where water cannot be used owing to 
danger of cracking the tube, it can readily be drawn off by the 
small cock. 

In cases where it is necessary to distil very volatile liquids, pieces 
of ice or a freezing-mixture may be placed in the trough. 

For oil-testing, the long Liebig condenser is not advantageous: 
it is difficult to clean; and on account of its length, considerable 
material adheres to ihe sides. As all tests of oils, naphthas and 
benzenes are run slowly, so that the distillate flows from the con- 
denser in single drops, a long tube and flowing water is unneces- 
sary. 

One filling of water will suffice for many tests of benzenes or 
oils. If, however, flowing water is needed, the condenser is fitted 
with connections for tubing. 

For water determinations, a small still is used of a capacity of 
1000 cc. sufficient for distilling 500 cc. of tar. For complete tests 
of tars, especially if the light oils are to be examined, 1000 cc. 
should be used, and the still has a total capacity of 2000 cc. 

For water determinations, great care must be taken in collecting 
the sample. If the shipment is made in bulk, a small cock should 
be placed in the pipe line from the car or boat to the tanks, and a 
small stream allowed to flow during the entire pumping. The 
quantity so collected should be violently stirred, and at once filled 
into wide-mouthed quart bottles or cans before any separation can 
take place. 500 cc. of this sample are filled into the still, the lid 
securely clamped, and the tube and thermometer put in place. If 
heat is applied to the bottom of the still, great care must be used, 
as the contents will readily foam and boil over, if much water is 
present; this is especially true of tars containing. much free 
carbon along with water, and also of certain oil tars in which the 
water forms an emulsion. 

To avoid this, a ring burner is provided which surrounds the 
still, and is at first placed so that the heat strikes about the top 
of the tar in the still. Little attention need be given the distillation 
but from time to time the ring burner is lowered, until finally 
nearly all the water is driven out, when, if necessary, an additional 
burner is placed under the bottom. 
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In order to be certain that all water is expelled, the temperature 
of the thermometer in the vapor should reach 200°C. As the 
distillation proceeds, oil comes over with the water until at 200° a 
considerable quantity of the former has distilled. The volume of 
the water is then read off in cubic centimeters, and gives the 
volume per cent., on which all these tests are based. 

If, after the water has been determined, it is desired to examine 
the tar or oil further, the oil which has distilled over with the 
water is carefully separated from the latter and added to the cooled 
tar in the still, and the distillation recommenced; thus, the subse- 
quent determination will be based on dry tar. Unless this is done, 
false results are obtained, due to the oils distilling at lower 
temperatures in the presence of vapor of water. For example, 
a tar, which, if dry, would show 5 per cent. distilling under 200° 
C., might show 20 per cent. to the same point if much water was 
present. 

The ring burner may be dispensed with during this latter distil- 
lation, and it is advisable to cover the still with a sheet of asbestos, 
if a high temperature is to be finally reached. 

If at any time it is desired to examine the material in the still, 
this can be done without dismounting the apparatus by removing 
the small plug in the lid, and introducing a rod. The pitch or 
residue can be tested as to the melting-point or other properties, 
and if not of the desired test, the distillation can be continued. 

Some tars are exceedingly difficult to free from water, the con- 
tents of the still boiling over notwithstanding all precautions. If 
it is desired to determine only the water in these, the removal of 
the latter can be greatly facilitated by adding to the tar a hydro- 
carbon, boiling slightly higher than water—crude or refined tolu- 
ene, for instance. This thins the tar, and as it distils readily, carries 
over the water completely. Distillations which otherwise would 
require hours to complete, can be then readily made in twenty 
minutes. 

This method is also very advantageous for determining water in 
naphthalene or oils. rich in this substance, as it facilitates the 
driving out of the last traces of water, and prevents crystallizing 
of the naphthalene in the condenser tube and receiver, and permits 
the volume of water to be readily read off. 
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In these determinations a pure product need not be used—any 
hydrocarbon boiling between 100° and 200° will serve, the precau- 
tion being taken, however, to determine how much water it con- 
tains, and allowing for the same. 

Recently a German patent No. 130,295 was granted for deter- 
mining water in substances by adding a higher boiling liquid thar 
water and one that does not mix with it. It is to be regretted that 
these simple laboratory methods should be made the subjects of 
patents, and it is difficult to understand the object of taking such a 
patent ; but in this case it would be invalid in the United States, as 
the method has been used for a long time at different works. 


LABORATORY, BARRETT MANUFACTURING Co. 


A PROCESS FOR [MAKING AVAILABLE PHOSPHATES. 


By C. H. DEMPWOLF, JR. 
Received May 29, 1903. 


A NUMBER of processes for the manufacture of available phos- 
phates by means other than that of sulphuric acid have been 
recently proposed. From among these processes the following 
have been taken as seeming of the most importance. 

G. F. Wilson (1861) patented a process, which consists in treat- 
ing ground mineral phosphates, bone-black, etc., with fused sodium 
bisulphate and steam under high pressure. A double decompo- 
sition of the tricalcium phosphate into calcium sulphate and sodium 
phosphate is claimed for the process, thus leaving the phosphoric 
acid in a form more available as a plant food. The source of the 
bisulphate is the waste product obtained in the manufacture of 
sulphuric and hydrochloric acids. 

G. A. Liebig (1881) proposed a process in which phosphates are 
mixed with carbon and subjected to a high heat. The proportions 
given are two parts of the phosphate to one of carbon.? 

The process of Brunner and Zanner consists in treating the 
finely powdered natural phosphates with a solution of sodium 
bisulphate. After filtration, the liquid contains the calcium acid 
phosphate, which is then precipitated by an excess of lime.® 


1U. S. Patent 75,325. 
2U. S. Patent 241,868. 
3 Montteur Scientifique, 1892, p. 100, and Eng. Patent 2,389, Feb. 8, 1892. 
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A method of making hydrated phosphate of alumina soluble in 
ammonium citrate was proposed by Pillon Freres and Buffet in 
1892. This process is simply a dehydration by the action of heat 
and is used in the manufacture of Redonda phosphate.* 

Stephen L,. Goodale obtained a United States patent on a similar 
process in 1893. Morse has shown, however, that the dehydrated 
phosphate of alumina, as sold under the name of Redonda phos- 
phate, absorbs water very rapidly and reverts to the hydrated or 
insoluble form, this being its probable action in the soil.? 

C. H. Knoop, by heating mixtures of natural phosphates with 
alkaline silicates or materials capable of forming these silicates, to 
a red heat, obtained a complex alkaline phosphate, in which 99 
per cent. of the phosphoric acid is soluble in Wagner’s citrate solu- 
tion. The following charges are given as yielding good results :* 


Parts. 
Tricalcium phosphate ........sceseccecessecesccsceccvees 100 
CRG CREDDNALE oon cosas ce cabevuleces ad cemtoacuseased So 
Sodium sulphate.......se sees cecece senses veces cecccecs 60 
Silica .ccccesccccrcccccccccccevcccescecces eecsecccens ce 54 
Tricalcium phosphate........ Lea R ee Genuerwdase ouaenenae 100 
Canis CMAN Cis 6c: ds scsi dsie he cmeataeed Radeon wuneenee 36 
Magnesium sulphate ........--... Roe erecoorerc citer erect 185 
ELE APE LA ORE AEE SEL TNS ALTA 54 


J. G. Wiborgh, of Stockholm, obtained a patent in the United 
States on a process of igniting apatite with alkaline carbonates or 
hydroxides. It consists in pulverizing the apatite and mixing it 
with carbonate of sodium or potassium or with sodium or potas- 
sium hydroxides, and subsequently heating the mixture to a red or 
yellow heat. A tetracalcium sodium (or potassium) phosphate is 
formed according to the following equation : 


3Ca,(PO,),.CaF, + 3Na,CO, = Ca,,Na,P,0., + 2NaF + 3Co, 


This double phosphate is readily soluble in ammonium citrate.* 

A more recent patent of Wiborgh and Palmaer (1903) describes 
an electrolytic process for the manufacture of soluble phosphates. 
Apatite or other phosphate is placed in an electrolytic cell with a 
salt solution adapted to liberate an acid at the anode, forming a 
soluble salt with lime, while at the cathode a basic hydroxide is 


1 Moniteur Scientifique, 1892, p. 210, and Eng. Patent 6,023, Nov. 30, 1892. 
2 This Journal, 1903, p. 280. 

3 Centralblatt, 1899, p. 1052. 

4U.S. Patent 601,089. 
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formed, the acid dissolving the phosphate and precipitating the 
same in the alkaline liquid of the cathode.* 

Shutt, in a paper on the action of ground mineral phosphates as 
a fertilizer,? describes experiments on the fusion of apatite with 
sodium sulphate and sodium bisulphate. It was found that when 
apatite is fused with sodium sulphate, 35 per cent. of the total 
phosphoric acid in ihe product becomes soluble in a 2 per cent. 
citric acid solution. When the bisulphate is used, 50 per cent. of 
the total phosphoric acid is soluble. 

The use of a I per cent. citric acid solution as a means of deter- 
mining the availability of phosphates as a plant food is customary 
in England. The results obtained by Shutt are probably higher 
than would be given by a I per cent. citric acid solution or the 
neutral solution of «mmonium citrate, as adopted by the Associa- 
tion of Official Agricultural Chemists. 

Baskerville noted that when natural phosphates were heated 
with alkaline salts, such as sodium sulphide, sodium nitrate, 
sodium carbonate and sodium sulphate, a large proportion of the 
phosphoric acid became citrate-soluble. The rock contained 35 
per cent. Ca,(PO,), and was mixed with sodium carbonate in the 
proportion of 4 of rock to 1 of carbonate. The mixture was heated 
to a red heat and gave a 75 to 90 per cent. yield, depending upon 
the temperature and the duration of heating. The percentage of 
water-soluble phosphoric acid was not notably increased.® 

EXPERIMENTAL. 

This work was undertaken with a view to the utilization of 
niter cake, the by-product from the manufacture of sulphuric acid, 
and at the same time the production of an available phosphate. 
This niter cake is the residue from the treatment of sodium nitrate 
with sulphuric acid and is composed mainly of sodium bisulphate 
with a small percentage of the normal sulphate. The niter cake 
used in these experiments was found to contain NaHSO,, 86.93 
per cent.; Na,SO,, 9.72 per cent. 

EXPERIMENTS WITH BONE ASH. 

Twenty grams of ground bone-ash containing 40.16 per cent. 
insoluble phosphoric acid was mixed with an equal quantity 
of niter cake and heated in a porcelain crucible for thirty minutes 


1U. S. Patent 707,886 and this Journal, 1903. 
2 Chem. News (1896), p. 4. 
87. Soc. Chem. Ind., December, 1902. 
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with the blast-lamp. The mixture before heating contained 20.08 
per cent. phosphoric acid. A second charge was run at the 
same time, using 20 grams bone-ash, and 20 grams niter cake, with 
the addition of 4 grams charcoal. This mixture was heated for 
the same length of time and at the same temperature as in the first 
case. 

The analyses of the sintered masses may be stated as follows :1 


20 grams bone-ash. 
20 grams bone-ash. 20 grams niter cake, 


Charges. 20 grams niter cake. 4 grams carbon. 
Water-soluble P.O, ---+ +++ eeeeee cece 0.13 3-70 
Citrate-soluble P,O,.-++s+ssseseeeeees 2.66 14.16 
Insoluble P,O;....0+ sseeessececcees +» 18.30 6.59 
Total P.O; Seb ainnlsinici ora memielatee eae oman 20.99 24.45 
Ratio of available P,O, to total P,O; -- 13.24 73-05 


This increase in the percentage of available phosphoric acid 
is due mainly to the formation of the double phosphate of cal- 
cium and sodium (Ca,,Na,P,O,,), which is soluble in ammonium 
citrate solution and to a slight extent to the fact that tricalcium 
phosphate is more soluble in water containing alkaline salts than 
in pure water. Other double phosphates of calcium and sodium 
have been prepared, and Baer mentions a calcium sodium pyro- 
phosphate having the formula CaNa,P,O,.4H,O.? The formula 
as given by Wiborgh corresponds to the tetracalcium phosphate as 
present in basic or Thomas slag and is probably the one which is 
formed under these conditions. 

The analyses show that when carbon was used, the ratio of 
available phosphoric acid to total phosphoric acid was in- 
creased from 13.24 to 73.05 per cent. The sodium bisulphate 
was used in excess over the amount necessary to form the double 
salt Ca,,Na,P,O.,, while the carbon used was the calculated 
amount necessary to reduce the sodium acid sulphate to sodium 
sulphide. When sodium bisulphate is heated, it loses water ac- 
cording to the equaticn 

2NaHSO, = Na,S,O, + H.O. 
This pyrosulphate, at a somewhat higher temperature, loses sul- 
phur trioxide and the normal sulphate is formed, 
Na,S,O, = Na,SO, + SO,. 

1 The methods of analysis used in these experiments were those adopted by the As- 

sociation of Official Agricultural Chemists and described in Wiley’s ‘Principles and 


Practice of Agricultural Analysis,’ Vol. II. 
2 Pogg. Ann., 75, P. 159. 
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The action of the carbon is to reduce the normal sulphate thus 
formed to sodium sulphide according to the following reaction: 
Na,SO, + 4C = Na,S + 4CO. 
It is probable that some polysulphides are also formed. 
EXPERIMENTS WITH PHOSPHATE ROCK. 

Similar experiments were made, using a natural Florida phos- 
phate containing 30.28 per cent. P,O,, of which 1.30 per cent. was 
citrate-soluble. These charges were heated exactly as in the pre- 
ceding case and yielded the following analyses: 


20 grams rock. 


20grams rock. 20grams niter cake. 
Charges. 20 grams niter cake. 4 grams carbon. 
Water-soluble PO; «-.+-+seeeeeeeeees 0.38 0.27 
Citrate-soluble P,O,.--+--++ esses eres 5.12 8.87 
Insoluble P.O; siewinteeiee Dea veel slow ae 13.89 11.55 
Total P.O, -2++--sececeecee cece se cece 19.39 20.69 
Ratio of available P,O, in total P,O,; -. 28.36 44.17 


Here the increase in yield, due to the action of the carbon in 
forming sodium sulphide, is not so large as when bone-ash was 
used. 

The effect of heat alone upon the phosphate rock was determined 
by igniting 20 grams of the rock for thirty minutes in the blast. 
The analysis, after ignition, shows a small increase of citrate- 
soluble phosphoric acid, due probably to the dehydration of the 
ferric and aluminum phosphates present. 


Analysis of rock Analysis of rock 


before ignition. after ignition. 
Total PLO, oecece cece ccc cccceevccces 30.28 31.82 
Citrate-soluble P,O,.---+-++eeeeeeeeees 1.30 3.27 


A mixture of 10 grams phosphate rock and 10 grams sodium 
sulphide, heated as described above, gave the following analysis: 


Water-soluble P,O;.......- Sisialeie eisiuie eleie'wievale Wile ereiels Sieiaert 0.18 
Citrate-soluble PO, «2.2.2 -ccceeccccceccccccccecccccees 11.32 
Insoluble PO, .-+-. sees ceeecsee cece cece arelerne wate tides 8.86 
Total PO, 20sccccccecccccscccces seccccces piel gnacstaLeenes 20.36 
Ratio of available P,O; to total P,O, ...+-+++seeeeeeeveee 56.43 


It was believed that the above results could be improved upon, 
and the following experiments were made in order to determine the 
effect of temperature, duration of heating and the proportion of 
ingredients in the mixture upon the amount of available phosphcric 
acid in the product. 
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In order to determine the most effective temperature, mixtures 
of 10 grams phosphate rock, Io grams niter cake and 2 grams 
charcoal were heated for thirty minutes at temperatures of 830°, 
1ogo° and 1200° C. and for one hour at 830° and 1090° C. The 
analysis of the products are shown in the following table: 





7 30 minutes. 1 hour. 

Temperature «..-.+++-seeee 830° 1090° 1200° 830° 1090° 
Water-soluble P,O; .....---- 0.16 0.33 0.24 0.30 0.25 
Citrate-soluble P,O;........- 8.26 10.00 12.55 8.19 13.57 
Insoluble P,O,---++++++eeeee 11.83 9-54 8.77 12.05 7.33 
Total P,0;---- seeee cece cece 20.25 19.87 21.56 20.54 21.15 
Ratio of available P,O, to 

total P,O,..-.0+escceece 41.58 51.98 59.32 41.33 65.34 


These results indicate that the amount of available phosphoric 
acid is increased by an increase in temperature and duration 
of heating. The charges heated to 830° and 1090° were very 
porous and easily pulverized, while the charge heated to 1200° for 
thirty minutes was partly fused and difficult to break. 

Mixtures containing 10 grams phosphate rock and varying pro- 
portions of 4, 6, 8 and Io grams niter cake, with carbon sufficient 
in each case to reduce the bisulphate, were made up and heated for 
one hour at a temperature of 1090° C. The results of the analyses 
of these products are as follows: 


Io grams rock. Io grams rock. Io grams rock, Io grams rock. 
4 grams 6 grams 8 grams Io grams 
niter cake. niter cake. niter cake. niter cake. 
o8gram carbon. 1.2 grams carbon. 1.6 gramscarbon. 2 gramscarbon. 
Water-soluble P,O,; 0.12 O19, 0.28 0.25 
Citrate-solubleP,O, 16.53 15.74 12.53 13.57 
Insoluble P,O; .--. 10.84 9.13 8.96 7-33 
Total P,O, --+-0+e- 27.49 25.06 21.77 21.15 
Ratio of available 
P,O, to total PO; 60.56 63.56 58.84 65.34 


The differences shown above between the ratios of available 
phosphoric acid to total phosphoric acid are not very great, 
the best yield being obtained with the mixture containing 10, 
Io and 2 parts respectively of rock, niter cake and carbon. The 
product from this charge contained considerable excess of sodium 
sulphide, which, on exposure to air, oxidized to sulphate and ab- 
sorbed water very rapidly. One gram of this phosphate was ex- 
posed under a bell-jar for several days to an atmosphere saturated 
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with moisture. The increase in weight due to oxidation and ab- 
sorption of water was noted as follows: After 24 hours, 0.1856 
gram; after 48 hours, 0.2148 gram; after 72 hours, 0.2254 gram. 

One gram of the phosphate from the mixture Io grams rock, 4 
grams niter cake and 0.8 gram carbon was exposed in a similar 
manner, the absorption in this case being considerably less than 
the above figures. The increase in weight for three days was. 
after 24 hours, 0.0384 gram; after 48 hours, 0.0522 gram; after 
72 hours, 0.0550 gram. 

A modification of Knoop’s charge, using a proportional quantity 
of niter cake in place of the normal sodium sulphate, was tried, but 
with little success. "The charge was made up by mixing 20 grams 
phosphate rock, 10.6 grams calcium carbonate, 16 grams niter cake 
and 6.6 grams silica, and heated for a half hour at a temperature 


of 1090° C, 
Analysis : 
Water-soluble P,.O,...+ +--+ seeeeececececcccee cece éisisine eine 
Citrate-soluble P.O; ..---2sceescccceccccccccccecscences 0.80 
Insoluble P.O, «0+. ++ cccccccccs cose cces socccecccesccces 12.31 
Total PO, + 22+ ccccccccceccccecsececccccecseesecces secs 13.11 
Ratio of available P,O; to total P,O,;----+-+eeesecececeee 6.10 


A double phosphate and silicate of lime corresponding to the 
formula Ca,(PO,),.CaSiO, would be formed under these condi- 
tions and does not seem to be soluble to any great extent in the 
neutral citrate of ammonia. 

A method of treating the phosphate rock with the niter cake in 
solution was more successful than any of the above-described ex- 
periments. Twenty grams of the ground rock and twenty grams 
of niter cake were mixed in a beaker-glass and water added to 
form a thin paste. This was allowed to stand for four weeks with 
frequent addition of water and stirring, at the end of which time 
the water was allowed to evaporate and the mixture dried in the 
air. An analysis of the product thus obtained was as follows: 


Water-soluble P,O,..-..2sscceecccccccccccsccccsccccecs 6.89 
Citrate-soluble P,0,..2- 02+ csescccccocscccccseveces ove eee 
Insoluble P.O, -++- sees cece cece cece cece cece cene cece sees 5.54 
Total P.O, «20+ cece ceccccccecccccce cones vecccssceecece 12.43 


Ratio of available P.O, to total P,O,...-.+. see sees evens 55-43 


2 
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In this case no citrate-soluble phosphoric acid was formed, 
all of the available phosphate being soluble in water. The trical- 
cium phosphate, being somewhat soluble in water containing 
alkaline salts, neutralizes the acidity of the bisulphate according to 
the equation . 


Ca,(PO,), + 4NaHSO, = CaH,(PO,), + 2Na,SO, + CaSO,.1 


CONCLUSIONS. 


The sulphuric acid industry being so closely allied to the manu- 
facture of fertilizers, it would seem from the foregoing work that 
it is possible to utilize the sodium bisulphate, niter cake, to good 
effect in the production of an available phosphate. The cost of 
producing acid phosphate on a large scale by means of sulphuric 
acid is very low and any process, even though an auxiliary one, for 
the production of the same phosphate must necessarily be a cheap 
one.? The method of heating mixtures of niter cake, phosphate 
rock and carbon would probably be more expensive than the pres- 
ent one for any but a cheap low-grade phosphate rock. Further- 
more, there is a general prejudice against the use of citrate- 
soluble or so-called “reverted phosphoric acid”, although it has 
been given the same value as that soluble in water by the various 
experiment stations of this country. 


It is believed by agricultural chemists that when an acid phos- 
phate, containing the various forms of phosphoric acid is 
applied to a soil containing iron and alumina, the soluble parts of 
the compound tend to become fixed by union with such bases or 
by precipitation as Ca,H,(PO,),.° 


The method of treating the pulverized phosphate with a solution 
of niter cake promises to be more successful, since the available 
phosphoric acid in the product constitutes 55.43 per cent. of the 
total phosphoric acid and is completely soluble in water. By 
finer grinding of the rock, it may be possible to increase the yield, 
and the time four weeks may be longer than is necessary to com- 
plete the reaction. 


1 It is possible that some sodium phosphate may be formed in the above process. 
2A 14 per cent. acid phosphate can be made for about $7 per ton. 
3 Wiley’s ‘Principles and Practice of Agricultural Chemical Analysis,’’ Vol. II., p. 140. 











A PRELIMINARY REPORT UPON THE OXIDATION OF LIN- 
SEED OIL. 


By FREDERICK L. DUNLAP AND FRANCIS D. SHENK. 
Received May 21, 1903. 


The question of the phenomenon of the drying of linseed oil is 
one of great interest, but while more or less work has been done 
on this subject, in order to elucidate the chemical changes taking 
place during the drying of linseed as well as other drying oils, 
yet our knowledge of the subject is far from complete. We 
undertook this work with the hope of being able to throw more 
light on this question, but the fact that we are unable to further 
carry on this work in conjunction, makes it necessary that this 
report should be considered merely in the light of a preliminary 
one, and it is hoped that later, one of us may be able to fill in the 
gaps that are lacking in the experimental part of this report. 

The first work of importance on the subject of the chemistry of 
drying oils, with reference to the action of air on them, is in the 
classic work of Mulder,’ although previous to Mulder, Unver- 
dorben? and Leuchs* had made a brief study of the action of air 
on linseed oil, but their results were not such as to lead to any 
definite conclusions. 

Mulder’s work on the chemistry of the drying oils, was pub- 
lished in German in 1867, and included in it the results of his 
researches on the action of air on linseed oil as well as on the free 
acids of linseed oil. At the time when Mulder carried on his re- 
searches, the knowledge of the constitution of these oils was very 
incomplete, nor was much known about them until the publication 
of the beautiful researches of Hazura and others in the Monats- 
hefte.* Mulder came to the conclusion that the liquid acids in 
linseed oil contained besides oleic acid, an acid of the composition 
C,,H,,O, (leindlsaure). On oxidation of linseed oil by means of 
air, Mulder held that the glycerin was completely oxidized, that 
the free fatty acids and the greater part of the oleic acid remained 
unchanged, and that the acid C,,H,,O, at first formed the acid 
C,,H.,O, (linoxysaure) and finally as an end-product of the oxi- 
dation, the neutral linoxyn C,,H,;,O,,. 


1“ Chemie der austrocknenden Oele.” Translated from the Dutch by J. Miiller. 
Berlin, 1867. Julius Springer. 

2 Schweigger’s Jour., 17, 245. 

3 Gmelin-Kraut, 7, 1231. 

4 7, 216 ; 8, 147, 156, 260 ; 9, 180, 198, 475. 
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Hazura’ has shown as the results of his study of the action of 
potassium permanganate on an alkaline solution of the liquid acids 
of linseed oil, that linseed oil contains the glycerides of the follow- 
ing acids: Oleic, C,,H,;,O,; Linolic, C,,H,,0,; Linolenic, 
C,,H3 90, ; Isolinolenic, C,,H,,O,. It was impossible that Mulder 
should have been able to come to any correct conclusion on the 
oxidation of linseed oil by means of air, for from the work of 
Hazura we can see that Mulder was dealing with a more compli- 
cated product than he was aware of, and that,? for example, his 
linoxy acid, C,,H,,O;, obtained from the acid C,,H,,O., could not 
have been the simple product that Mulder took it to be, but must 
have been a mixture of products, which furthermore could not 
have contained an acid of the chain C,,, but must have been those 
of the higher chain C,,. 

Bauer and Hazura® studied the phenomenon of the drying of 
oils, and have clearly shown that the results obtained by Mulder 
on his linoxy acid are unreliable. So far as the action of air is 
concerned, Bauer and Hazura studied its action on the free acids 
of linseed oil, on the barium and lead salts, and on the linseed oil 
itself. In brief, their conclusions are as follows: The oleic acid 
undergoes no change whatsoever ; the more linolenic acid there is 
in the oil, the more rapidly it dries; the oxidation consists not 
only in the saturation of the free valencies with oxygen, but also 
in the formation of compounds containing hydroxyl groups; the 
acids dry, on long exposure to the air, with the formation of an- 
hydrides, but that they were unable to say whether such anhy- 
drides were lactonic in nature or formed from 2 molecules of the 
oxyacids; and finally, that there is no difference between the 
drying of the free acids and their salts. 

For some not very well-defined reason, Bauer and Hazura con- 
cluded that as they had shown clearly the constitution of the un- 
saturated acids in linseed oil, it appeared ‘unnecessary to 
isolate the individual compounds from the oxidation product ob- 
tained from the acids of linseed oil by the action of air upon them; 
it is sufficient to show in what way the oxidation takes place.” 
In this, we can not agree with Bauer and Hazura that all that is 
necessary is to show in what way the oxidation takes place, unless 


1 Monatsh. Chem., 9, 191 (1888). 
2 Jb1d., 9, 460 (1888). 
8 Jbid., p. 459, et seq. 
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in so doing, it is perfectly evident what the final products of such 
an oxidation may be. In order to elucidate the chemical changes 
taking place when linseed and other oils dry, either the individual 
oxidation products must be isolated and analyzed, or else, if this 
prove impracticable, results must be obtained from some other but 
less direct route. None of the experimental results of Bauer and 
Hazura can be interpreted to mean that the oxidation by air gives 
rise to the same products as are obtained by the action of potas- 
sium permanganate on an alkaline solution of the linseed oil acids, 
Nor are the conclusions of Bauer and Hazura as given above, 
namely, with reference to the formation of hydroxy acids and an- 
hydrides, etc., given with sufficient definiteness to help us to 
anything like a clear understanding of the question. We have 
spent considerable time in attempts to isolate some of the hydroxy 
acids described by Hazura’ as resulting from the action of potas- 
sium permanganate on the unsaturated acids of linseed oil, but, in 
the product obtained from the action of air on linseed oil, we 
have been unable to obtain a trace of any product resembling 
those obtained by Hazura with potassium permanganate, nor is 
there any a priori reason for believing that the oxidation would 
follow the same lines. We judge from the context of the article 
of Bauer and Hazura that they wish to convey the idea that air 
and potassium permanganate produce identical results in the oxi- 
dation in question, otherwise we are at a loss to understand why 
they deem it unnecessary to isolate the oxidation products, but 
think it sufficient to dismiss the question with a few conclusions 
quoted at the beginning of this paper. 

In 1893, Fahrion? published an article on the oxidation of oils 
by means of air, in which work he gives the results of some oxida- 
tion products which he isolated and subjected to analysis. He 
oxidized linseed oil, for example, by saturating chamois skin 
with the oil and allowing the skin so treated to hang in the air 
until the oxidation was finished. But Fahrion himself shows that 
he had not obtained pure products, but only mixtures of various 
oxy-acids. 

The above references to the literature give, so far as we have 
found, the results bearing directly on the chemical changes taking 
place during the drying of linseed oil. ; 


1 Monatsh. Chem., g, 191 (1888). 
2 Chem. Ztg., 17 (2), 1849 (1893). 
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We have attacked the problem in two ways, first, the oxidation 
of linseed oil when dissolved in ligroin; and second, when dis- 
solved in benzene. A reference to the action of air on linseed oil, 
when dissolved in benzene, occurs in Allen’s “Commercial Organic 
Analysis.” Whether this work is abstracted from a published 
article or is the result of some experiments carried out by Allen 
himself, we cannot say, but we have found no trace of any sugges- 
tion regarding the oxidation of linseed oil in benzene solution 
other than that given by Allen. The few lines devoted by Allen 
to this subject, do not contain any results which cast any light on 
the chemical side of this phenomenon of oxidation. 


The serious objection to the oxidation of linseed oil by spread- 
ing it in thin layers on metal or glass plates, and then exposing 
them to the air, either at ordinary or elevated temperatures, is that 
it is a process that may take weeks or even months of exposure 
in order to bring about thorough oxidation, and even then it is a 
serious question whether or not the oxidation has become com- 
plete. As soon as the superficial layer of the oil becomes coated 
with a layer or film of the oxidized product, the oil lying below 
this film, and which is unacted upon by the air, is more or less 
effectively removed from the action of the air by the film on the 
surface. This latter objection is also applicable to Fahrion’s 
scheme of oxidizing linseed oil which has been exposed to the air 
on chamois skin. 

By dissolving the linseed oil in a suitable solvent, and then 
aspirating air through it, the above objections are readily over- 
come. Low-boiling ligroin and benzene serve admirably for this 
purpose. 

The sample of linseed oils used for the experimental part of 
this work, was a sample of pure boiled oil containing lead and 
manganese as driers. The iodine number, acid value, etc., of this 
oil, are given at the beginning of the table later on in this article. 

To determine the rate of oxidation, 100 grams of the boiled oil 
were dissolved in 1,000 cc. of ligroin (boiling-point below go° ) 
and air drawn through the solution. This was started November 
1oth. After forty-eight hours, the oxidation product that had 
separated was filtered off, thoroughly macerated with ligroin, then 

1 Third edition, Vol. II, Part I, p. 152. 
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washed several times with a lower boiling product to remove any 
of the original linseed oil mechanically held. After drying first 
in air then in vacuo over sulphuric acid, a sharp odor was given 
off similar to that of hydrochloric acid, only stronger, and resem- 
bled the odor of acrolein. This solid oxidation product weighed 
17.5 grams. Air was again drawn through the ligroin solution 
and after forty-eight hours more, a second batch was filtered off. 
This also had the sharp odor noted above. This lot weighed 24 
grams. A third lot was taken out November 16th ; weight, 25 
grams. It did not have the sharp odor—was white and almost 
transparent. The fourth and last batch was filtered off four days 
later ; it weighed about 15 grams and looked the same as the third 
lot. Air was again drawn through the solution until November 
24th, and as no product had separated since the last filtering, it 
was sufficient evidence that the oxidation was complete November 
20th or before. The total weight of products was 81.5 grams. 
The remaining solution was clear but fluorescent while cold, and 
upon distilling off the ligroin in vacuo, the fluorescence disap- 
peared and a precipitate formed. Weight of final product was 20 
grams. The ligroin that distilled off had a very sharp penetrating 
odor like that previously mentioned in connection with the first 
oxidation products. After standing for a couple of weeks, the 
sharp odor entirely disappeared from the ligroin. About 5 grams 
of the last product was solid, the rest a deep yellow oil. The first 
oxidation products that separated were darker in color than those 
separated later. During the aspirating of air through the ligroin 
solution of the linseed oil, the ligroin lost by evaporation was 
replaced by fresh solvent’so that the volume remained practically 
constant. 

Since the oxidized oil seemed to form two distinct products, 
so far as color was concerned, an experiment was run to determine 
whether there was any special difference between them. This was 
started in the same way as the above experiment, but the oxidation 
product was allowed to collect until the oxidation was complete. 
A mechanical separation was then made of these two layers. The 
dark layer, called A, and the light layer, called B, were each sub- 
jected to the method of washing previously mentioned. Each 
layer weighed approximately 60 grams. They were then sub- 
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jected to repeated extractions with boiling ether until no residue 
remained on evaporating the solvent. The ether extract from A 
(A,) weighed 20 grams, while that from B (B,) weighed 30. As 
will be seen from the following table, there is a slight difference 
in the iodine numbers of the ether-soluble and the ether-insoluble 
portions of the product A. The part A carried more of the man- 
ganese of the dryer than the part B. 


The ether insoluble of B was extracted several times with large 
quantities of boiling chloroform. Out of 31 grams taken, only 
28 grams were dissolved by the chloroform ; this, after evaporating 
off the solvent, was of a reddish brown color, but gradually turned 
white on standing. The part insoluble in chloroform was a gray- 
ish white product of a rubbery consistency. According to Mulder’ 
the oxidation product is dissolved by a mixture of alcohol and 
chloroform, but the products we obtained were not, if conclusions 
can be drawn from the following experiment. Four-tenths of a 
gram of the ether-irsoluble portion was heated to boiling for 
sixty hours in a mixture of 400 cc. of alcohol and chloroform, one 
part of the former to four of the latter. At the end of that time 
a considerable portion was still undissolved. When heated with 
alcohol and chloroform, the product does swell, but the swelling 
is due to the chlorofcrm alone, not to the alcohol. It also swells 
slightly when heated with ether and can be easily ground to a 
fine powder after the ether is poured off. 


On December 5th another sample of 100 grams of the oil was 
oxidized as the above, but benzene was used instead of ligroin. 
At first, no product separated as from the ligroin solution. At the 
end of eighteen days the oil had an iodine number of 37; by Janu- 
ary 15th the iodine number was 24.9. By February Ist a solid 
product had separated out ; this was filtered off and washed several 
times with benzene. The dry product, called C, weighed 18 grams. 
Air was again drawn through the remaining oil for a month more, 
but nothing further separated. After filtering off the solid prod- 
uct, the oil had an iodine number of 35, and the lowest we were 
able to get it after that was 31. Twenty-two per cent. of the above 
solid product was soluble in ether, which shows that the product 
may differ to a certain extent from that separating from the 


1 “Chemie der Austrocknenden Oele.”’ p. 98. 
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ligroin, as the ether-soluble part of the product separating from 
ligroin was nearly 50 per cent. of the total solid. 

In determining the iodine number, the various samples had to 
be heated to the temperature of the water-bath in order to effect 
solution (except in the case of the ether-soluble). When this had 
been accomplished, Wiji’s solution of ICI in glacial acetic 
acid was added and allowed to stand for lengths of time varying 
from fifteen minutes to nearly an hour. In general, the iodine 
absorption was found to be complete in twenty-five to thirty-five. 
minutes, i. ¢., for a shorter time the iodine absorption was low 
and increased to a constant when allowed to stand for the period 
just indicated. 

The dissolving of the oxidation product in glacial acetic acid, 
by means of heat, produced a solution of slightly reddish color. 
Where, for example, the product was soluble on long shaking 
with glacial acetic acid at ordinary temperatures, as were the ether- 
soluble products A,, B, and C,, the iodine absorption was found 
to be less than when such solution was effected by means of heat. 
For the ether-soluble products A,, B, and C,, solution was 
effected by means of automatic shaking for periods varying from 
three to ten hours, and in the following table the iodine numbers 
given represent the results of solution produced without the aid of 
heat. 

A, and B, were nearly all soluble in cold glacial acetic acid and 
it is highly probable that they are completely soluble if sufficient 
acid is used, but we were unable to carry out this work for lack of 
time. 

A,, B, and C, were all thick, viscous, yellowish oils, which on 
long standing in the air grew more viscous, becoming coated with 
a film like that forming on linseed oil itself. A,, B, and C, were 
of a leathery or gutta percha-like consistency. 

In determining the iodine numbers, Wiji’s method was used 
throughout, as Hiibl’s method could not be used, for glacial acetic 
acid was found to be the only satisfactory solvent for these 
products. 

The following table gives some of the results obtained from the 
various oxidation products. 
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Saponification 
Acid value of value of 
potassium potassium 
Iodine hydroxide. hydroxide. Ether 
Substance. number. Milligrams. Milligrams. value. 
ie ‘ (176.6 4.00 183.0 177.8 
Original Oi] .-+--eeeee sere cree 1176.9 pe ane el 
44.8 (?) ears 
Darn mene N « » {48 
26.7 
ener cree ee | = 
22.0 ee 
a ciierideanneciemee ‘oe ee 
A,, soluble in ether .....--+ +++ re ge yer aii 
B,, soluble in ether ............ 1 A 66.5 237-2 171.4 
42.1 67.0 239.1 sanie 
C,, soluble in ether ......+.+-- pd Begs 330.0 230.4 
A,, insoluble in ether -......--- { 3 
B,, CHCI, extract of ether-insol . ane aged = 243-3 
32.9 85.7 392.3 aay 
: : 24.2 sie Pee 
C,, insoluble in ether -.-----..- pops 
eee : 28.6 
B,, insoluble in ether or CHC], - 29:1 
. is -..\ «. (. 68,0 21.6  ‘¥gg-t 171.4 
Oil not precipitated from ligroin 66.0 ny 198.9 ike 
Acids from ether-soluble. (B,)} ae 7 as 37-7 
52.9 231.5 269.6 ce 
Acids from ether-insoluble. ( B)! 43-4 " sedi i 
45-9 265.8 309.0 wee 


The ether value was obtained by taking the difference between 
the mean of the saponification values and the mean of the acid 
values. 

From the free fatty acids of A,, B, and C, white crystalline 
products wereobtained. Crystalline products of asimilarnaturewere 
obtained from theether-insoluble portion. To show that this product 
did not come from any of the original oil carried down mechani- 
cally by the oxidation product, 25 grams of the oxidized oil were 
heated with ether, which rendered the product very brittle, and 
it was then firfely ground. This was then extracted with ether in 
a Soxhlet extractor for ten hours, which removed all of the origi- 
nal oil and also all of the oxidized part soluble in ether. When 


1 These figures do not represent the true acid value, as we found it impossible to bring 
the last traces of this product into solution, before titrating with potassium hydroxide. 
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the product was dried after the extraction, it was of the con- 
sistency of cornmeal, and absolutely free from sticky material. It 
required not over fiiteen minutes for complete saponification with 
a 25 per cent. potassium hydroxide solution; sufficient heat was 
generated by the reaction itself to effect the result. The fatty 
acids were thrown out with sulphuric acid and the solution cooled 
with ice so the acids could be lifted out in a lump with a stirring 
rod; without cooling, the acids could not be separated from the 
water by mechanical means. They were then thoroughly washed 
with water and dried; the weight was 15.2 grams. After mixing 
with quartz sand, the acids were extracted with ligroin. The 
weight of product extracted was 1.2 grams. This was perfectly 
white and was crystallized from glacial acetic acid. The part 
insoluble in ligroin was then extracted with ether. The ether ex- 
tract weighed 10 grams; that insoluble in ether weighed nearly 
4 grams and was very dark in color. 

By fractional crystallization, 1.2 grams of the white crystalline 
product were separated into two products melting at 60°-61° and 
52°-53°. This required a large number of fractions to be made, 
and at the end of this work but very small amounts of the two 
products were obtained. We are disposed to think that these two 
products are respectively palmitic and myristic acids, although it 
is difficult to understand how these acids could have been present 
in the product from which they were obtained, for, as pointed 
out above, this product had been extracted for ten hours with ether. 

The fact that the benzene solution of linseed oil could not be 
brought to have a lower iodine number than 31 by continued as- 
piration of air through the solution, shows conclusively that the 
products of which linseed oil is composed can not be completely 
oxidized by air. From what is known of oleic acid and its prop- 
erties, there is no reason to doubt but that the iodine number was 
produced, at least in part, from the unchanged oleic acid or olein. 
This, however, is but in agreement with the well-known fact that 
oleic acid is practically unacted upon by the oxygen of the air. 
From the large increase in the acid value, it is evident that the 
oxidation of linseed oil by air takes place to a considerable extent 
through the oxidation of the glycerin of the glycerides. While 
we have been unable, for lack of time, to attempt an isolation of 
the product having the sharp, characteristic odor of acrolein, yet 
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it is not impossible that acrolein may be formed during this 
progress of oxidation. That the air oxidizes linseed oil with the 
formation of carbon dioxide, formic and acetic acids, has been 
shown by Mulder’, from which we can see that the chemical 
changes taking place during the drying of the glycerides are 
complex. That the acrolein-like odor came from the linseed oil 
and not from the ligroin, was determined by a blank experiment. 
It is also evident that the oxidation in ligroin by means of air 
gives rise to products that are still unsaturated. While no acetyl 
values were determined, yet it was sufficiently well shown by 
Hazura’? that products containing the hydroxyl group are formed. 
That we were, for example, dealing with a product free from any 
unoxidized oil or free oleic acid, let us consider such a product as 
B, or C,. If any unoxidized oil was carried down mechanically 
with the oxidized product, it must have been in small quantities. 
If any such occluded oil or free oleic acid were present, it must 
have been completely removed by the subsequent maceration and 
washing of the product with ligroin, and in the long and thorough 
extraction with ether. Even after such treatment, the iodine num- 
ber of C, was found to be 24.5 (mean value), while in the case 
of B, it was 33.6 (mean value), and in B, it was 28.9 (mean 
value). From this we must conclude that the oxidized product 
thrown out from a ligroin solution is an unsaturated hydroxylated 
product. 

What the exact chemical nature of these products is, it is, at 
present, impossible to say ; nor can we, as yet, be assured that the 
product obtained from ligroin is identical with the product ob- 
tained by oxidation without a solvent. Bauer and Hazura* ob- 
tained, by Hiibl’s method, an iodine number of 28.8 and 29.4 for 
the free acids obtained from linoxyn. We obtained an iodine 
number of 43.4 and 45.9 from our corresponding product, 7. ¢., the 
free acids of the ether-insoluble portion. 

The ether values 37.7 and 42.4, obtained from the acids of the 
ether-soluble and ether-insoluble products, point to the presence 
of lactones in the acids, and it is altogether probable that lactones 
are also present in the other products given in the table, and that 
the ether values do not represent alone the amount of glycerin in 


1“ Chemie der Austrocknenden Oele,”’ p. 109. 
2 Monatsh. Chem., 9, 462 and 463 (1888). 
8 Jbid., p. 467. 
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these unsaponified products, but also the lactones present. 
Lekowitsch,! in an article “On Oxidized Oils,” points out the 
probable presence of lactones in solidified linseed oil (linoleum 
mass) through the difference in the acid and saponification values 
from the free acids. 

The question has arisen whether or not the product with which 
we worked, which was insoluble in ether, was identical with 
Mulder’s linoxyn. So far as characteristics are concerned, our 
ether-insoluble product was identical, except that Mulder says that 
linoxyn is insoluble in alcohol, while we have found that our 
product dissolved after long-continued boiling with a large excess 
of alcohol.* In this, too, our results are at slight variance with 
Mulder’s, so it may be that our product is not identical with Mul- 
der’s linoxyn, but it is more than likely that Mulder did not sub- 
ject his linoxyn to as vigorous a solubility test as we have our 
product. Reference has already been made to our experiment re- 
garding the solubility of our product (ether-insoluble) in chloro- 
form and alcohol. 

The oxidation product which separates from the ligroin gives 
a larger amount of ether-soluble product if it is extracted at once 
than if the product is allowed to stand for some days before ex~ 
traction. This may be due to a mechanical change in the oxidation 
product. When first separated, the product is less tenacious and 
more readily permeated by the solvent, than when it has, by ex- 
posure to the air, lost all of the adhering ligroin by evaporation. 

Noerdinger* has shown that linseed oil varnish will liberate 
iodine from potassium iodide and has ascribed this liberation to 
the presence of hydrogen peroxide. We have found that our 
oxidation product also, when in acetic acid solution, will liberate 
more iodine than is liberated from a blank test. The question 
arises whether or not this liberation of iodine from potassium 
iodide is due to hydrogen peroxide. This we must answer in 
the negative, for we have been unable to obtain any test for hydro- 
gen peroxide, either with chromic acid or titanic acid. The libera- 
tion of the iodine is due to the presence of an organic peroxide. 

In conclusion, it should be pointed out that the question of the 
solubility of the oxidation product (apart from its solubility in 
glacial acetic acid) was doubtless more or less affected by the 
presence of the lead and manganese of the drier. 


1 Analyst, 27, 139 (1902). \ 
2 Except in the case of B, as has already been noted. 
3 Pharm. Centrbl., 35, 730 (1894). 
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THE PRECIPITATION LIMITS WITH AMMONIUSI SUL- 
PHATE OF SOME VEGETABLE PROTEINS. 


By THOMAS B. OSBORNE AND ISAAC F. HARRIS. 
Received June 27, 1903. 


HorMEISTER and his students, who employed ammonium sul- 
phate with much success in separating different proteins from one 
another, found that under suitable conditions the individual pro- 
teins are precipitated within quite narrow limits when this salt is 
added to their solutions up to certain degrees of saturation, which 
to a certain extent are characteristic for each protein. We have, 
therefore, applied this process to a number of the purer prepara- 
tions of proteins which we had at our disposal. 

A quantity of the protein was dissolved in one-tenth saturated 
ammonium sulphate solution, the solution filtered clear, and 2 cc. 
mixed with enough one-tenth saturated sulphate solution to make 
a final volume of I0 cc. with the saturated sulphate solution to be 
afterwards added. Successively greater quantities of the saturated 
solution were used and the points noted at which the solution first 
became permanently turbid, as well as that at which all the pro- 
tein was precipitated, as shown by saturating the filtered solution 
with ammonium sulphate, and observing whether or not a precipi- 
tate or turbidity was produced. In many cases the filtrates con- 
tained minute quantities of something which was not precipitated 
with the bulk of the protein under examination, but could be after- 
wards precipitated frcm the filtrate by saturating with ammonium 
sulphate. In these cases we noted the point at which all but this 
trace was precipitated and also the point at which the solution 
finally became entirely clear. Whether this trace of substance, 
which is so much more difficult to precipitate than the bulk of the 
preparation, was a trace of contaminating proteose or some com- 
pound of the protein with some other substance or an alteration 
product produced by drying or in some other way during prepara- 
tion, cannot now be told. However, in no case was more than an 
insignificant trace present and no serious contamination of the 
preparation is indicated by its presence. The “limits” here given 
are that at which the solution became turbid immediately after 
adding the saturated sulphate solution and that at which the protein 
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was first completely precipitated. Where a considerable further 
addition of sulphate was necessary to separate the final last trace, 
the point at which precipitation was practically complete is also 
given. 

To determine the effect of concentration of the protein solution 
on the results of this determination, we tried the following experi- 
ments with neutral edestin. 


Concentration of 


edestin solution. Lower limit. Upper limit. 
Per cent. ec. cc. 
9.0 3.0 4.2 
4.5 3.1 4.2 
2.7 3.0 4.2 


When 4.5 per cent. of edestin was dissolved in ro per cent. 
sodium chloride, the precipitation limits were lower, namely, 1.8 
cc. and 3 cc. Edestin monochloride and edestin sulphate had 
essentially the same limits as the free edestin, although the lower 
limit for the sulphate was found to be a little below that of the 
others. 


Lower limit. Upper limit. 
ce. ce. 


2.37 per cent. of edestin monochloride......... 3.0 3-9 
Boy A SCE RS ns sulphate..... eo tee cece 2.5 4.2 
The crystalline globulins of the squash-seed, flaxseed and 
castor bean are so nearly like that of the hemp-seed that until re- 
cently they have been regarded as the same protein. That this 
similarity extends to their relations toward ammonium sulphate 
is shown by the following figures : 


Protein. Lower limit. Upper limit. 
ce. cc. 


Per cent, 
Edestin hemp-seed.....+-++eseeeeee> ay 3.0 4.2 
Globulin flaxseed .........-eeeeeeee 3-4 3.1 4.7 
Globulin squash-seed ...... ...+++- 3.6 3-3 4.4 
Globulin castor bean.......-.+eseee a 3.0 4.5 


The globulin of the cottonseed, which we now recognize as 
another protein than edestin from the hemp-seed, has different 
precipitation limits from edestin, namely, for a solution containing 
2.5 per cent. of globulin, a lower limit of 4.6 cc., and an upper one 
of 6.4 cc. In this we have another distinction between the cotton- 
seed globulin and edestin. The globulin of the filbert (Corylus 
tubulosa) and that of the English walnut (Juglans regia) were 
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described by Osborne and Campbell? under the name of corylin, 
since a careful comparison of the reactions and analysis of a 
number of different preparations showed no difference between 
them. We have recently found? that the globulin of the filbert 
yields a little more ammonia, when decomposed with hydrochloric 
acid, than does the globulin of the English walnut, and we must 
therefore consider them to be distinctly different substances. This 
conclusion is supported by our determinations of the precipitation 
limits. 

A solution containing 3.4 per cent. of the globulin from the 
filbert became turbid with 3.7 cc., was almost wholly precipitated 
with 5.3 cc., and completely with 6.6 cc. Under the same condi- 
tions a solution containing 2.75 per cent. of globulin from the 
English walnut became turbid with 2.8 cc., was almost wholly 
precipitated by 4.6 cc. and completely precipitated with 6.6 cc. 
That the last traces were precipitated, after nearly all of the 
globulin had been thrown out of solution, only by adding a consid- 
erably greater quantity of sulphate, indicates a slight contamination 
of the preparation with some other protein, possibly a traceof adher- 
ing proteose, possibly an alteration product of the globulin formed 
during drying or otherwise. However this may be, the amount 
was too small to be of serious consequence. The globulin of the 
American black walnut showed exactly the same behavior toward 
ammonium sulphate as that of the English walnut. 

It is hence evident that the globulin of the English walnut is a 
different substance from that of the filbert and the name corylin 
should therefore be applied only to the latter. 

Excelsin from the brazil nut and amandin from the almond 
have nearly the same precipitation limits although, otherwise, 
they are distinctly different substances. The lower limit for ex- 
celsin was found to be 3.8 cc., the upper 5.5 cc., while for. 
amandin the lower limit was 3.5 cc. and the upper limit 5.3 cc. 
Preparations of legumin from different seeds, which have as 
yet appeared to be in all respects alike, showed the same precipita- 
tion limits with ammonium sulphate. 


Lower limit. Upper limit. 
cc. ce. 
1.8 per cent. legumin, vetch...........- 5.2 7-3 
3.2 per cent. legumin, horse bean......- 5.4 7-5 
2.6 per cent. legumin, lentil...........- 5.5 7.4 


1 This Journal, 18, 609 (1896); also Report of the Conn. Agr. Expt. Station for 1895, 
Pp. 288, 
2 This Journal, 2g, 423 (1903). 
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Nearly all the legumin was precipitated in each case by 6.5 cc., 
that remaining in solution with more than this quantity being very 
little. 

The globulin of the castor bean is partly precipitated from its 
concentrated solutions in 10 per cent. sodium chloride by satu- 
rating its solution with this salt. The precipitate thus produced, 
when redissolved in dilute brine, is again partly thrown out by 
saturating with sodium chloride, and as often as this process is 
repeated a considerable part of the globulin remains dissolved in 
the saturated salt solvtion. From this it seems more probable that 
the globulin has a limited solubility in saturated sodium chloride 
solution, which is much less than that in a Io per cent. brine, than 
that two different globulins exist in the seed. The precipitation 
limits with ammonium sulphate also indicate that this is the case, 
as the following experiment shows. A quantity of this globulin, 
obtained by dialyzing a sodium chloride extract of castor beans, 
was dissolved in a moderate quantity of Io per cent. brine, and 
the solution saturated with sodium chloride. The large precipitate 
was filtered out, again dissolved in brine, and the solution saturated 
with sodium chloride. The second precipitate appeared to be less 
than the first. The solution and precipitate were again repeated, 
when the final precipitate was dissolved in brine, and this solution, 
as well as the three filtrates from the precipitates produced by 
saturation, were dialyzed till free from sodium chloride. The 
substance separated from all four solutions as a mixture of crystals 
and spheroids, which were washed with water and dehydrated 
with absolute alcohol. After drying over sulphuric acid, the differ- 
ent preparations weighed as follows: 

No. 1. 8.67 grams. This was the final precipitate produced by 
saturating with sodium chloride. 

No. 2. 6.2 grams. The globulin remaining in solution after pre- 
cipitating No. 1. 

No. 3. 13 grams. The globulin remaining in solution after 
the second precipitation. ’ 

No. 4. 12.8 grams. The globulin remaining in solution after 
the first precipitation. 

Since the substance yielding 1, 2 and 3 was precipitated by the 
first saturation with sodium chloride and two-thirds of this re- 
mained in solution after saturating the second and third time, it is 
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evident that precipitation is simply due to a limited solubility of this 
globulin in saturated salt solution. The smaller weight of No. 2 
is due to the smaller volume of the solution from which it was 
obtained. 

The precipitation limits of these preparations were as folows: 


Lower limit. Upper limit. 
ce. ce. 
We: Bsscacenscececceuu ecccce 3.1 4.4 
NO, 3-cce cccccccccscccsccece 3.16 4.5 
DOr Aca ceinciccce coven cncesess 3.4 4.8 


The slightly higher limits shown by No. 4 differ too little from 
those of the others to warrant the conclusion that two different 
proteins exist in these preparations. 

The seeds of the yellow lupine contain a large amount of protein 
matter which can be separated into two extremes by» fractional 
precipitation, which differ slightly from one another in properties 
and composition, especially in sulphur content, the more soluble 
fraction containing three times as much sulphur as the less soluble. 

The precipitation limits were as follows: 

Most precipitated 





Lower between. Upper 

limit. - ce limit. 
cc, ec. ec. ce. 
Conglutin (a) less soluble ........ 4.2 4.3 6.0 7.3 
Conglutin (6) more soluble......- 4.6 6.4 8.2 8.7 


From these results it is evident that the two extremes represent 
different proteins and that the more soluble one is precipitated 
at a much higher saturation than the less soluble one. It also 
appears that the separation of these two proteins from one another 
in the case of the preparations here tested, was not entirely com- 
plete. 

The globulin from the blue lupine showed nearly the same be- 
havior as the less soluble globulin of the yellow lupine, the lower 
limit being 4.4 cc., while with 6 cc. nearly all was precipitated. 

Phaseolin is more soluble in strong solutions of ammonium sul- 
phate than any protein we have yet examined. The lower limit 
was found with 6.4 cc. With 8.2 cc., which was all that could 
be added, under the conditions of the test as applied to the other 
globulins, there was still considerable protein in solution. When 
1 cc. of the phaseolin solution was mixed with 9 cc. of the satu- 
rated solution all was precipitated. The upper limit appears to 
be, therefore, a little below 9 cc. The following table contains the 
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results of these determinations, arranged in the order of the 
solubility of each protein substance in ammonium sulphate solu- 
tion. 


Lower limit. Most precipitated. Upper limit. 
Protein. ce. ce, ce. ce. 


Globulin, English walnut ....... 2.8 2.8 4.6 6.6 
Globulin, black walnut........-. 2.8 2.8 4.6 6.6 
BR GEIEN oo o'o.06 Si0ins enone 000s cele 3.0 3.0 4.0 4.2 
.Edestin monochloride ....-. seeee 3.0 3:0 3.9 3.9 
Globulin flaxseed.......+++ sees 3.1 23 4.6 4.7 
Globulin castor bean ..-- +++. +++. 3.1 3-3 4.3 4.5 
Globulin squash-seed......-+++++ a4 3.5 4.1 4.4 
Amandin ...cccc cece cccccecccece 3-5 3.5 5.0 5-3 
Corylin 22. seceeeee cee cece ence 3.7 ES, 5.3 6.6 
ROMO ali aioe aw cieieisiainie visio Sisieiecener 3.8 4.0 5.0 aC 
Conglutin (@)..sseee sees eeee eens 4.2 4.3 6.0 7.3 
Conghutin (5). ....e. sees cess cece 4.6 6.4 8.2 8.7 
Globulin cottonseed -...-..++ ++. 4.6 5.0 6.0 6.4 
Legumin ...+e cece cece cece eveees 5.4 5.5 6.5 7.5 
Phaseolin..ccccccces vcvcsscvccce 6.4 6.5 8.2 8.8 


[FROM THE LABORATORY OF THE CONNECTICUT AGRICULTURAL EXPERI- 
MENT STATION. ] 


THE SPECIFIC ROTATION OF SOME VEGETABLE 
PROTEINS. 


By THOMAS B. OSBORNE AND ISAAC F. HARRIS. 


Received June 27, 1903. 

THE specific rotation of very few of the vegetable proteins has 
been determined, the only observations, so far as we know, being 
those of Kjeldahl' on zein and gliadin, Alexander? on edestin, ex- 
celsin and the globulin of the flaxseed, and Chittenden and Men- 
del*® on edestin. Having had an opportunity to make some obser- 
vations on the proteins above named, as well as on a few others, we 
take this occasion to put then on record. 

The determinations were made with a Schmidt and Haensch 
half-shade polariscope, provided with a sugar scale. The readings 
were calculated to degrees of circular polarization by multiplying 
the degrees observed on the sugar scale by 0.346. The results 


1 Kjeldahl : Agricultur. Chem. Centrél., 2g, 197 (1896). 
2 Alexander : Jour. Expt. Med., 1, No. 2 (1896). 
8 Chittenden and Mendel : Jour. Physiol , 17, 40 (1894). 
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given were in all cases the average of a large number of obser- 
vations, which in most cases agreed closely. The solutions of 
some of the proteins, although uncommonly clear and very nearly 
free from opalescence, were so opaque in long layers that satis- 
factory readings could be made only in comparatively dilute solu- 
tions and therefore the accuracy of these determinations was to a 
greater or less extent impaired. 

The amount of dissolved protein was found by determining 
nitrogen in the contents of the polariscope tube, the capacity of 
which was accurately known. The amount of protein was ob- 
tained by multiplying the quantity of nitrogen found by a factor 
depending on the nitrogen content of the protein examined. 

EDESTIN. 

The preparation tised had been repeatedly recrystallized and 
was perfectly neutral to phenolphthalein. A solution in Io per 
cent. sodium chloride brine was filtered clear through a felt of 
paper pulp and examined with the following results: 

I. a@=observed rotation —2.7°. 
w = weight of protein per cubic centimeter 0.03385 gr. 
7= length of tube 2 dm. 


(a)5° = —40°. 
id. a=—2.07° w=0.0247 gram /=2dm. 
(@)5° = —41.9°. 
aa. a=—5.05° w=o.06095 gram /—2dm. 
(a@)5° = —41.43°. 
IV. a=—2.53° w=o.o610gram /=1 dm. 


(a)5° = —41.47°. 
Another pure preparation of edestin gave the following results: 


¥. a=—1.73° w=0.0415 gram /=1dm. 
: (@)>° = —41.7°. 


The average of these results, —41.3°, agrees closely with that 
obtained by Alexander, namely,—41.6°, and does not differ greatly 
from that given by Chittenden and Mendel, —43°. There is no 
evidence that the degree of rotation is dependent on the concentra- 
tion of the solution. 


EXCELSIN. 


The preparation of excelsin which we used was extracted from 
the brazil nut by sodium chloride brine and purified by recrystal- 
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lization. Although the solution in 10 per cent. sodium chloride 
brine used for polariscopic examination was almost free from 
every trace of opalescence, nevertheless, it was difficult to get 
satisfactory readings in strong solutions. Our results were as 
follows : 


I. a= —3.38° w=0.0396 gram /=2 dm. 
(a)s° = —42.68°. 
II. a=—3.95° w=0.0463 gram /=2dm. 
(a)? = —42.66°. 
III. a=—2.00° w=o0.0460 gram /=1 dm. 
—43.48°. 


The average of our figures, —42.94°, is considably higher than 
that of Alexander, —40.3°, but, as he appears to have been unable 
to get such clear solutions as we did and had great difficulty in 
making his readings, it is probable that our results are the more 
correct. 


FLAXSEED GLOBULIN. 
The carefully purified preparation of this globulin consisted of 
well-formed octahedral crystals, the solution of which, in 10 per 


cent. sodium chloride brine, when filtered, was so transparent that 
accurate readings were easily made. 


i a= —3.63° w=o0.0415 gram /=2dm. 
(@)5° = —43.73°. 
II. a=—1.79° w==0.0413 gram /=1 dm. 


(a) = —43.34°. 

The average of these determinations, —43.53°, is much higher 
than that found by Alexander, who gives —38.7° as the mean of 
six observations on different solutions. This difference may be 
due to the much greater concentration of our solutions, as Alex- 
ander’s results strongly indicate a considerable decrease in the 
specific rotation with decreasing percentage content of the solution 
in protein. 

SQUASH-SEED GLOBULIN. 


The squash-seed globulin was purified by repeatedly recrystal- 
lizing and found to have the following rotation when dissolved in 
IO per cent. sodium chloride solution : 
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a a=—4.70° w=o0.0598 gram /=2dm. 
(@)5° = —39.3°. 
ii. a=—4.12° w=0.0534 gram /=2dm. 
(a)5° = —38.57°. 
III. a@=—2.05° w=0.0535 gram /=1 dm. 
(a)%° = —38.32°. 


If we compare the average of these figures with those of the 
flaxseed globulin and of edestin, which were obtained with solu- 
tions of approximately the same strength, we find them as follows: 


(@)5”. 
Helestiths oc c- ocieciec sons cousionts seslsedceds 41.30° 
Flaxseed globulin.....-.ceseesecececeeees 43.34° 
Squash-seed globulin Did teak ta aweseooawe ae 38.739 


These three globulins appear therefore to differ in rotatory 
power to such a degree that the differences cannot be attributed to 
experimental errors. Although alike in composition, reactions, 
solubility and crystalline form, we have recently shown’ that these 
globulins yield such different proportions of the several classes 
of nitrogenous decomposition products that there can be no ques- 
tion but that they are different substances. To these differences 
must now be added those in specific rotatory power. 


AMANDIN. 
Amandin, the chief protein constituent of almonds and peach- 


seeds, when dissolved in 10 per cent. sodium chloride solution, was 
found to have the following specific rotation: 


a= —2.98° w=—0.0264 gram /=2dm. 
(a)5° = —56.44°. 
CORYLIN. 


Corylin is a globulin which is abundantly present in the hazel 
nut or filbert. Dissolved in 10 per cent. sodium chloride solution 
it showed the following rotatory power: 


3 a= —2.87° w=0.0332 gram /=2dm. 
(a)3° = —43.22°. 
II. a@=—1.40° w 0.0326 gram /=1 dm. 


(a@)5° = —42.95°. 


1 Osborne and Harris: This Journal, 2§, 323 (1903). 
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THE GLOEULIN OF THE ENGLISH WALNUT. 


The English walnut contains a globulin which so closely resem- 
bles corylin in its properties and composition that the writer? was 
led to regard it as probably identical with that substance. We 
have since found that it yields, on decomposition, a slightly, but 
distinctly, smaller amount of ammonia than does corylin and that 
a difference between the two is shown by the precipitation limits 
with ammonium sulphate. In harmony with this, we find a slight 
difference in the specific rotation of their solutions in 10 per cent. 
sodium chloride brine, as the following figures show : 


is a@=—1.57° w==0.0357 gran /=1 dm. 
(a)3° = —44°. 
II. a=—2.06° w 0.0227 gram /=2dm. 
(@)5" = —45.37°. 
III. a=—1.05° w=0.0227 gram /=1dm. 


(a)3° = —46.25°. 

The considerable differences between the above observations 
are chiefly due to the opacity of the solutions which, though filtered 
very clear, were, in a remarkable degree, impervious to light. 

The specific rotation of the globulin of the English walnut is 
distinctly higher than that of the filbert, thereby showing another 
difference between these two very similar proteins. 


THE GLOBULIN OF THE AMERICAN BLACK WALNUT. 


The American black walnut is closely related to the English 
walnut and we have therefore made a close comparison of the 
globulins from these two nuts, but have discerned no notable dif- 
ference between them. As the following figures show, the specific 
rotation of the globulin from American nut is practically the same 
as that of the one from English, the difference between the figures 
given being doubtless due to errors of observation caused by the 
opacity of the solutions. Dissolved in 10 per cent. sodium chlo- 
ride solution, the following results were obtained : 


:, a= —1.22° w=0.0272 gram /=1 dm. 
(a)5° = —44.85°. 
II. a@=—1.20° w=0.0273 gram /=1 dm. 


(a)5° = —44.0°. 
1 Osborne and Campbell : This Journal, 18, 609. 
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PHASEOLIN. 

Phaseolin, which constitutes the greater part of the protein 
matter of the kidney bean (Phaseolus vulgaris), was found to 
have the following rotation when a crystallized preparation was 
dissolved in 10 per cent. sodium chloride solution : 


g. a@=—7.42° w=o0.0g00 gram /=2 dm. 
(a)3° = —41.22°. 
II. a=—3.75 w=o.ogoogram /=1 dm. 
(a)5° = —41.7°. 
LEGUMIN. 


A solution of a very pure preparation of legumin from the horse 
bean (vicia faba) was made with Io per cent. of sodium chloride 
and found to have the following specific rotation : 


Z. a=—2.2° w=0.0494 gran /=1 dm. 
(@)5° = —44.53°. 
II. a@=—1.27° w=0.0291 gram /=1 dm. 
(a@)5° = —43.64°. 
ZEIN. 


The principal protein of maize kernels is zein, which is soluble 
in strong alcohol. A solution of zein in alcohol of 90 per cent. by 
volume rotated as follows: 


‘ a= —3.03° w=0.0536 gram /==2 dm. 
(a)%° = —28.26°. 
II. a@=—1.45° w=0.0523 gram /=1 dm. 
(a)5° = —27.72°. 
GLIADIN. 


Gliadin, which forms about one-half of the protein of wheat 
gluten, when dissolved in alcohol, of 80 per cent. by volume, 
showed the following specific rotation: 


y. a=—5.66° w=0.0308 gram /=—2 dm. 
(a@)5° = —91.9°. 
II. a= —2.86° w=0.0309 gram /=1 dm. 


(a@)5° = —92.55°. 
The following table contains the specific rotation as determined 
for each of the preceding proteins: 
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Protein, Source. (a)3°. 
Edestin Hemp-seed —4I1.3° 
Globulin Flaxseed —43.53° 
Globulin Squash-seed —38.73° 
Excelsin Brazil nut —42.94° 
Amandin Almonds —56.44° 
Corylin Filbert —43.09° 
Globulin English walnut —45.21° 
Globulin Black walnut —44.43° 
Phaseolin Kidney bean —41.46° 
Legumin Horse bean —44.09° 
Zein Maize —28.00° 
Gliadin Wheat —92.28° 


[FROM THE LABORATORY OF THE CONNECTICUT AGRICULTURAL EXPERI- 
MENT STATION. | 


THE GLOBULIN OF THE ENGLISH WALNUT, THE AMER- 
ICAN BLACK WALNUT AND THE BUTTERNUT. 


By THOMAS B. OSBORNE AND ISAAC F. HARRIS. 
Received June 27, 1903. 


PROTEINS, whose chemical identity is probable, have thus far 
been found only in seeds which are botanically closely related to 
each other. 

Thus the chemical identity of gliadin from wheat or rye, of 
legumin from vetches, horse beans, lentils or peas, of vicilin from 
the three latter seeds, of phaseolin from the kidney or adzuki beans 
and of legumelin from the seeds of numerous legumes appears to 
be highly probable. 

The strict chemical identity of carbon compounds of such high 
molecular weight can, of course, not be positively asserted, since 
the possibility of isomeric or homologous compounds of very simi- 
lar properties is great. However, a rigid comparison of these 
supposedly identical proteins has as yet shown no difference 
whatever between them. Some proteins, which we had formerly 
regarded as identical, have recently been found to differ in the 
proportions of their various decomposition products, and it is cer- 
_ tain that their molecules have a different structure. All these 
proteins were found in seeds which were not botanically closely 
related and should therefore, by analogy, not contain the same 
proteins. So marked is this difference in the protein constituents 
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of the different seeds that the question may be asked: Is not this 
chemical difference in the food of the growing embryo an impor- 
tant factor in determining the nature of the developing organism? 

Now that wide differences in the structure of the molecules of 
the different proteins are more fully recognized, it seems probable 
that the course of the chemical reactions, leading to the develop- 
ment of the growing embryo, will be largely influenced by the 
nature of the protein food presented to it at the beginning of its 
existence. Whether similar differences in the protein food of the 
animal embryo exists is not so definitely determined, but the few 
facts on record point strongly that way, for Panormoff’s investi- 
gations indicate that hen’s, dove’s and crow’s eggs contain dis- 
tinctly different albumins. 

The closest resemblance between proteins from unrelated seeds 
which we have as yet encountered is presented by corylin from 
the filbert (corylus) and the globulin from the English walnut 
(Juglans regia), thé only difference, as yet discovered, being a 
slightly smaller yield of ammonia by the latter, when decomposed 
with hydrochloric acid, and a slight difference in the precipitation 
limits with ammonium sulphate. 

In order to see if the same relations would be shown by the 
globulins from the botanically, closely related American black 
walnuts and butternuts (Juglans nigra and J. cinera) we have 
examined these nuts with the following results. 

THE GLOBULIN OF THE BLACK WALNUT (Juglans nigra). 

The nuts were freed from their shells, crushed, the greater part 
of the oil pressed out and the remainder extracted with ether. 
The residual meal was then extracted with 10 per cent. sodium 
chloride solution, the extract filtered clear and dialyzed. The 
globulin was deposited in spheroids which were filtered out, 
washed thoroughly with water and then with alcohol, and dried 
over sulphuric acid. Dried at 110°, this preparation had the 
following composition : 

BLACK WALNUT GLOBULIN, PREPARATION I. 





Cae DUA a <:s0caw os caeb es totee ce caeeemanuman 50.95 
Hydrogen escalate a: wi eure atid oh aiatsaoneeete aera eae alana ae 7.10 
Nitrogen ..---sceeccecccceccccescccevcsces 18.84 
Sulphur Ede eOVAAsee Mae nel ee Meememeaneuwe 0.78 
OXYQZEN cores cece cece cece ceeeen rece ceeees 22.33 

100.00 
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This preparation was then dissolved in Io per cent. sodium 
chloride solution, a large quantity of the insoluble form of the 
globulin filtered out and the clear solution dialyzed for several 
days. The globulin, which again precipitated in spheroids, was 
filtered out, washed with water and with alcohol and dried over 
sulphuric acid. The 32 grams thus secured, which formed about 
one-half of the original material, had, as the following figures 
show, essentially the same composition, when dried at 110°, as 
the preparation from which it was derived. 

BLACK WALNUT GLOBULIN, PREPARATION 2. 





I. 8 

COOOINOED .-0 6v-0'0.0.0.6:4.0:6:0'6 4.0:0'0's-0 8 9600-00-00 51.06 51.07 
Hydrogen Deel cists wterereialacealeteveieieelecta'e a 6.87 6.84 
Nitrogen ......sseceeseceescecece cece 18.96 18.96 
Sulphur...-. 2-2-0 -eeeeeeeeeeeeeeeens 0.77 seas 
Oxygen 22.34 

100.00 
MAME vac 6's 6a oid dle 0100.60 ai 60 8 ele Dieee baae 0.33 


This preparation was almost wholly soluble in 10 per cent. 
sodium chloride solution and showed the same reactions as those 
given in an earlier paper for the globulin of the English walnut.’ 
A solution containing about 5 per cent. of the globulin and 10 per 
cent. of the sodium chloride remained clear until heated to 99°, 
when it became turbid and, after continued heating, vielded a 
considerable coagulum. Solutions of the globulin from the Eng- 
lish walnut yielded a trace of coagulum at lower temperatures, 
which was unquestionably due to a trace of another protein, 
adhering to the preparation in minute quantity. Saturation of 
the solution with sodium chloride gave a very slight precipitate 
and with magnesium sulphate a very considerable one, in this re- 
spect exactly resembling the globulin of the English walnut. The 
other reactions were also, in all respects, the same. 

When decomposed by boiling with strong hydrochloric acid, 
the proportion of nitrogen in the different forms of binding were 
as follows: 


N in MgO 
N as NH3. Basic N. Non-basic N. precipitate. Total. 
1.71 5.61 11.45 0.19 18.96 
1.86 5.85 10.92 0.33 see 
1.83 5.85 IT.04 0.24 


The specific rotation of this globulin was determined as follows: 
1 This Journal, 18, 609 (1896). 














GLOBULIN OF THE ENGLISH WALNUT, ETC. 851 


Specific 
Amount rotation. 
per cc. Observed Length of po Saal 
Solvent. Gram. rotation. tube. (a)7= 
10 % NaCl 0.0272 1.22° I dm. —44.85° 
seeees 0.0273 1.20° I dm. —44.0° 


The precipitation limits with ammonium sulphate were deter- 
mined by making a 2.7 per cent. solution of the globulin in one- 
tenth saturated ammonium sulphate solution and then adding dif- 
ferent quantities of a saturated solution of ammonium sulphate 
to 2 cc. of the globulin solution previously diluted with enough 
one-tenth saturated to make a final volume of Io cc. 

The mixture became turbid when the amount of sulphate was 
equal to that in2.8 cc.of a saturated solution. When sulphate equal 
to 4.6 cc. was added, only a very minute quantity of protein re- 
mained unprecipitated, which was doubtless a trace of some other 
adherent protein. With less than 4.6 cc. the amount in solution 
was greater. The precipitation limits are therefore 2.8 cc. and 
4.6 cc. 

THE GLOBULIN OF BUTTER NUT (Juglans cinerea). 

The preparation of this globulin, which we examined, was very 
kindly given to us by Dr. A. L. Dean, of Yale University, for 
which we here wish to express our thanks. Dr. Dean extracted 
the crushed meats of the nut with petroleum ether and exhausted 
the residual meal with 10 per cent. sodium chloride solution. The 
clear, filtered extract was dialyzed in running water for seven 
days when the globulin, which separated in spheroids, was filtered 
out and washed witn water, with alcohol and with ether. As the 
quantity of the globulin was not sufficient for further purification 
by reprecipitation, it was examined in the condition in which it 
was received. 

Dried at 110° it had the following composition : 

BUTTER-NUT GLOBULIN, PREPARATION I. 





Carbon 2... sce ccccccccccccccccccere 50.85 50.91 
Hydrogen: ....scccccccccs cocecvccece 6.79 6.88 
Nitrogeti...e-cescecccesccessseccccs - 18.62 18.59 
Sulphur .... 20. ccecee cece sees ceeeee 0.80 wees 
Oxygen PP ee 22.94 

100.00 
ASW sccces vvevcrcece ceecscvecsoscess 3-54 3-67 


This preparation was almost completely soluble in 10 per cent. 
sodium chloride solution and showed throughout the same reac- 
tions as those given by the globulins of the English and black 
walnut. 
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When decomposed by boiling with strong hydrochloric acid, 
the proportion of nitrogen in the different groups of nitrogenous 
decomposition products was as follows: 


Nin MgO 
N as NH3. Basic N. Non-basic N. precipitate. Total. 
1.83 5.77 10.87 0.14 18.61 
The specific rotation of this globulin was found as follows: 
Specific 
Amount Observed Length of — 
Solvent. per cc. rotation. tube. (a); = 
Io %, NaCl 0.0212 1.97° 2 dm. —46.9° 
10 % NaCl 0.0223 0.98° I dm. —43.9° 


The precipitation limits of a 4 per cent. solution of the globulin, 
dissolved in one-tenth saturated ammonium sulphate, were deter- 
mined in the same manner as for the black walnut globulin and 
found to be 3.1 cc. and 5.5 cc., the amount remaining in solution 
with 5.5 cc. being mcre than in the case of the black walnut, at 
the higher limit, which was doubtless due to the lack of sufficient 
purification of this preparation, and possibly also to a difference 
in acidity between the preparations examined. 

SUMMARY. 

In the following table the results of our examination of the 
globulin from the seeds of the three species of Juglans are brought 
together for comparison with those of the globulin of the filbert, 
Corylus. 











COMPOSITION. 

J. regia. J. nigra. J. cinerea. Corylus. 
CBTBGH cic ccd ese cece 50.80 51.07 50.88 50.72 
Hydrogen ........+.-- 6.84 6.86 6.84 6.86 
Nitrogen .....-++-.--- 18.96 18.96 18.62 19.02 
Sulphur .......-2+---- 0.80 0.77 0.80 0.83 
Oxygen ---+-  seeeeee 22.51 22.33 22.86 22.57 

100.00 100.00 100.00 100.00 


PERCENTAGE OF NITROGEN IN THE GROUPS OF NITROGENOUS DECOMPOSI- 
TION PRODUCTS. 


Nin MgO 
; Nas NH3._ Basic N. Non-basic N. precipitate. 
ST. VOZIA vv eeee cece veneer 1.84 6.08 10.93 O.II 
We NIQVO, ++ +000 eeresevees 1.80 5-77 II.14 0.25 
ST. CUNEVED» caceccccvcesece 1.83 5:77 10.87 0.14 
COTYLUS «sccccesececveces 2.20 5-75 10.70 0.16 
SPECIFIC ROTATION (@)7”. 
WA? 4) Bee eee —45.21° 
DE OE OE OOOO Ee —44.42° 
IAAI OIPILE \n-w e:olg Sd viiiaivin ale winieieiapladieinie ose —45.40° 
COI IMS s sivigicin)s\ainin eo aieianre e(e/sinie Si0/4in4) anise —43.09° 
PRECIPITATION LIMITS WITH AMMONIUM SULPHATE. 
As 4) Bee eee 2.8 ce. —4.6 cc. 
Te NIZA seve rccceeccce eens vacserceeseees 2.8 cc. —4.6 cc. 
SF MCUIEUEI a: 0501s :0'a:0e,5:6 saieWinle-ocineleicntwieinu a 3.1 cc. —5.5 ce. 


NES PMEME SN sare ein seiwlavavare) 6:4 (a Gis iol yoreins se Cision sieieraiers 3.7 CC. —5.3 ce. 
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The only positive difference shown by the preparations from 
these four seeds is the greater quantity of N yielded as ammonia 
by the globulin from the filbert (Corylus). This difference ex- 
ceeds the limits of experimental error by too great an amount to 
be overlooked and may be taken as evidence that the globulin of 
Corylus differs in structure from that of Juglans. <A positive 
difference between the corylin and the globulin from J. regia and 
J. nigra is also shown by the precipitation limits with ammonium 
sulphate. This difference, however, is not very great and, in 
view of our ignorance of the extent to which these limits may be 
altered by slight differences in the conditions of experimentation, 
cannot be considered as conclusive evidence, though it strongly 
indicates a difference between the globulins. 

The precipitation limits of the globulin, from J. cinerea are 
higher than those found for J. regia and J. nigra, but in view of 
the very close agreement between these preparations in all other 
respects we are inclined to attribute this difference to the greater 
purity of the preparations from the latter seeds. 

In consequence of these facts, it seems desirable to give a name 
to the globulin of Juglans, retaining the designation corylin for the 
globulin of corylus. We propose therefore to call the principal 
protein which we have obtained from the nuts of the three species 
of the former genus Juglansin. 

The botanical relations which are shown by the proteins of 
seeds deserve further careful study, as it is not improbable that 
the natural relations of some plants may be thus discovered. 


[FROM THE LABORATORY OF THE CONNECTICUT AGRICULTURAL, EXPERI- 
MENT STATION. ] 


THE TRYPTOPHANE REACTION OF VARIOUS PROTEINS. 


By THOMAS B. OSBORNE AND ISAAC F, HARRIS. 
Received June 27, 1903. 


As LONG ago as 1831, Tiedemann and Gmelin recognized among 
the decomposition products of protein bodies a substance whose 
solution was colored a deep violet-red with chlorine or bromine. 
The nature of this substance remained wholly unknown until 
Hopkins and Cole recently succeeded in isolating it in a state of 
purity and recognizing it as most probably indol-amino-propionic 

















854 REACTION OF VARIOUS PROTEINS. 


acid or the isomeric skatol-amino-acetic acid. They also found 
that this substance yielded the violet reaction with acetic and sul- 
phuric acid, which has long been known as Adamkiewic’s reaction. 
This latter reaction they further found was caused by glyoxylic 
acid contained in the acetic acid, and they have therefore substi- 
tuted glyoxylic acid for acetic acid in applying this test. This 
observation is of much importance, as formerly the Adamkiewic 
reaction was attributed to furfural and the presence of carbohy- 
drates was therefore inferred among the protein decomposition 


products. 
In the following table we give the results of the application of 
the Hopkins-Cole reagent to a number of different proteins, 50 
mg. of each being mixed with 6 cc. of the glyoxylic acid solution 
and 6 cc. of concentrated sulphuric acid added. 
Zein, maize ; very pale straw color ; no reaction. 
Alcohol-soluble protein, oat kernel ; light brownish ; no violet tint. 
Bynin, malt ; red-brown ; no violet tint whatever. 
Vicilin, pea ; very pale violet ; hardly any reaction. 
Phaseolin, kidney bean ; pale violet ; a little stronger than vicilin. 
Avenalin, oat kernel ; light violet color. 
Globulin, wheat ; light violet color. 
Hordein, barley ; < 
Legumin, vetch ; 
Legumin, lentil ; 
Legumin, horse bean ; 
Vignin, cow pea ; 
Conglutin, yellow lupine ; 
Conglutin, blue lupine ; 
Amandin, almond ; 
Glycinin, soy bean ; 
Gliadin, wheat ; 


Ovovitellin, hen’s egg ; The intensity “of the reaction increased 
Globulin, sunflower ; gradually from hordein to leucosin, the 
Glutenin, wheat ; ( former giving a positive reaction, the 
Globulin, castor bean ; latter a strong one. 


Edestin, hemp ; 

Excelsin, Brazil nut ; 
Corylin, filbert ; 
Conalbumin, egg white ; 
Ovalbumin, egg white ; 
Globulin, flaxseed ; 
Globulin, squash-seed ; 
Globulin, black walnut ; 
Globulin, English walnut ; 
Leucosin, wheat ; 
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Whether any of the above ptoteins wholly lack the tryptophane 
group could not be determined, as we were able to get a very 
slight reaction with a relatively large quantity of zein by cau- 
tiously adding the sulphuric acid up to one-half the volume of 
the glyoxylic acid. The color thus produced was, at the most, 
very slight and transitory. With the alcohol-soluble proteins of 
the oat and barley malt, the brown color was sufficient to obscure 
a slight violet reaction, and the result of the test in these cases was 
not conclusive. 

It is interesting to note the very marked difference in the inten- 
sity of the reaction with the proteins at the two ends of the table 
and it is fair to presume that the proportion of tryptophane 
yielded by the several proteins differs considerably. 


[CONTRIBUTIONS FROM THE BUREAU OF CHEMISTRY, DEPARTMENT OF 
AGRICULTURE, NO. 49.] 


DISAPPEARANCE OF REDUCING SUGAR IN SUGAR-CANE. 


By H. W. WILEY. 


Received June rz, 1903. 

THE occurrence of reducing sugar in sugar canes and sorghums 
has important relations to the metabolism of the plants. Pre- 
sumably the carbohydrate which is finally formed in the chloro- 
phyl cells of these plants is some variety of starch, probably a 
soluble variety, since starch granules, as such, would find obstruc- 
tions to circulation in the return currents from the leaves to the 
body of the plant. During the early stages of growth it has been 
shown by repeated analyses that the proportion of reducing sugar 
to sucrose in the juices of the sugar cane is very high. In 
Louisiana, where the canes are harvested necessarily before 
growth is complete, the average quantity of reducing sugars in 
the juice is I per cent. or more. In the tropics at the time of 
harvest the percentage of reducing sugars is very much less, usu- 
ally less than 0.5 per cent. These facts show beyond doubt 
that the highest relative value of reducing sugar to sucrose 
is in the earlier stages of growth and the lowest proportion in the 
matured stages. ‘Theoretically, then, we might expect that at a 
certain period representing the complete and perfect maturity of 
the plant the reducing sugar would disappear. The further 
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phenomenon, however, has also been observed, namely, that when 
the reducing sugar has been reduced to a minimum on approach- 
ing maturity, any deterioration in the plant, due to long standing, 
overripeness, injury (from frosts or otherwise), tends to reverse 
the order observed during the growing period, and to increase 
the percentage of the reducing sugar at the expense of the 
sucrose. ‘This reversibility of enzymic action has been well estab- 
lished in the case of carbohydrates.’ If the sugar cane, therefore, 
be allowed to normally grow and mature, there is a certain time 
in its history, as above mentioned, where the proportion of reduc- 
ing sugar is at a minimum. The theory above outlined receives con- 
firmation in some analytical data secured in this bureau recently on 
samples of sugar cane grown in Florida. Four samples were ob- 
tained which were all harvested at the same time, namely, the 
middle of May, 1903. The canes were grown by W. H. Abel, on 
Terra Ceia Island, Manatee County, Florida, about 150 yards 
from salt water. The soil is sandy to a depth of from 12 to 18 
inches, with a thin stratum of chocolate-colored subsoil resting 
on clay, which carries some pebble phosphate. The particular 
samples under question were grown on the edge of a field next 
to timber, and being in the outside row, did not get much culti- 
vation and practically no fertilizer. The samples were cut seven- 
teen months from time of planting. The analytical data obtained 
from the four samples are as follows: 

COMPOSITION OF THE JUICE. 


Density. Sucrose. 

Per cent. Per cent, Purity. Glucose. 
21.0 19.0 90.5 None 
20.8 18.7 90.0 None 
20.4 18.0 88.2 None 
25:7 19.8 gI.2 None 


These are the only samples of sugar cane ever analyzed under 
my supervision which did not contain a greater or less quantity of 
reducing sugar. At the end of two minutes’ boiling of the juices 
with an alkaline copper solution, there was no trace whatever of 
any reduction. On Icnger continued boiling and after allowing to 
stand over night, there was a mere trace of reddish precipitate, due 
doubtless to the inversion of a part of the sucrose. A great many 
of the canes grown on this field produced tassels, but Mr. Abel 
did not state in his description whether the four canes sent had 

1 Jour. Chem. Soc. Trans., May, 1903, p. 578. : 
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tasseled or not. The presumption is that they had. We have in 
the above what appears to be an example of a complete cycle of 
growth in the sugar cane, probably a cycle which would not be 
realized farther south. Evidently the cool nights of the winter had 
helped to complete the period of growth, while at the same time 
they prevented a beginning of the second growth, which would 
certainly have reversed the metabolic activities within the cane 
and secured an inversion of a part of the sucrose. It is probable 
that the meteorological conditions which produced so complete 
a growth do not often obtain and the above data are therefore of 
interest, both from a chemical and physiological point of view. 
The analyses were made in the Sugar Laboratory by Mr. Arthur 
Given. 


COLORING-MATTER IN YELLOWISH GRAY SUGAR. 


By Y. NIKAIDO. 
Received June 7, 1903. 

THE crystallized sugar we obtained from the last few straight 
pans in the 1902 campaign, at the sugar factory operated by the 
Standard Beet Sugar Co., Leavitt, Neb.,acquired a slight yellowish 
gray tint. The samples were saved and subjected to investigation. 
Since we could not make a series of investigations at this time of 
the year, the work is not complete, but some of the statements may 
be interesting to sugar-makers. 

Herzfeld considers iron oxide as one of the causes of the gray 
coloration of crystailized sugar.t_ For this reason, the sample of 
sugar in question was tested qualitatively. Iron oxide, lime, soda 
and potash salts and a little organic coloring-matter were found 
in it. In order to ascertain how much iron oxide in the masse- 
cuite is sufficient to produce a yellowish tint in the sugar 
crystals, the quantity of the iron oxide in the massecuite sample 
was estimated and found to be 0.02 per cent. As it seemed doubt- 
ful that such a small amount of iron oxide in the massecuite would 
cause the coloration of sugar crystals, complete analyses of the 
massecuite and ash of the same were made and the results ob- 
tained were as follows: 

1 Zitschr. Rubenzuckerind., 46, 1 (1896). 
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phenomenon, however, has also been observed, namely, that when 
the reducing sugar has been reduced to a minimum on approach- 
ing maturity, any deterioration in the plant, due to long standing, 
overripeness, injury (from frosts or otherwise), tends to reverse 
the order observed during the growing period, and to increase 
the percentage of the reducing sugar at the expense of the 
sucrose. ‘This reversibility of enzymic action has been well estab- 
lished in the case of carbohydrates.’ If the sugar cane, therefore, 
be allowed to normally grow and mature, there is a certain time 
in its history, as above mentioned, where the proportion of reduc- 
ing sugar is at a minimum. The theoryabove outlined receives con- 
firmation in some analytical data secured in this bureau recently on 
samples of sugar cane grown in Florida. Four samples were ob- 
tained which were all harvested at the same time, namely, the 
middle of May, 1903. The canes were grown by W. H. Abel, on 
Terra Ceia Island, Manatee County, Florida, about 150 yards 
from salt water. The soil is sandy to a depth of from 12 to 18 
inches, with a thin stratum of chocolate-colored subsoil resting 
on clay, which carries some pebble phosphate. The particular 
samples under question were grown on the edge of a field next 
to timber, and being in the outside row, did not get much culti- 
vation and practically no fertilizer. The samples were cut seven- 
teen months from time of planting. The analytical data obtained 
from the four samples are as follows: 
COMPOSITION OF THE JUICE. 


Density. Sucrose. 

Per cent. Per cent. Purity. Glucose. 
21.0 19.0 90.5 None 
20.8 18.7 g0.0 None 
20.4 18.0 88.2 None 
21.7 19.8 gI.2 None 


These are the only samples of sugar cane ever analyzed under 
my supervision which did not contain a greater or less quantity of 
reducing sugar. At the end of two minutes’ boiling of the juices 
with an alkaline copper solution, there was no trace whatever of 
any reduction. On Icnger continued boiling and after allowing to 
stand over night, there was a mere trace of reddish precipitate, due 
doubtless to the inversion of a part of the sucrose. A great many 
of the canes grown on this field produced tassels, but Mr. Abel 
did not state in his description whether the four canes sent had 

1 Jour. Chem. Soc. Trans., May, 1903, p. 578. 
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tasseled or not. The presumption is that they had. We have in 
the above what appears to be an example of a complete cycle of 
growth in the sugar cane, probably a cycle which would not be 
realized farther south. Evidently the cool nights of the winter had 
helped to complete the period of growth, while at the same time 
they prevented a beginning of the second growth, which would 
certainly have reversed the metabolic activities within the cane 
and secured an inversion of a part of the sucrose. It is probable 
that the meteorological conditions which produced so complete 
a growth do not often obtain and the above data are therefore of 
interest, both from a chemical and physiological point of view. 
The analyses were made in the Sugar Laboratory by Mr. Arthur 
Given. 


COLORING-MATTER IN YELLOWISH GRAY SUGAR. 


By Y. NIKAIDO. 
Received June a7, 1903. 

THE crystallized sugar we obtained from the last few straight 
pans in the 1902 campaign, at the sugar factory operated by the 
Standard Beet Sugar Co., Leavitt, Neb., acquired a slight vellowish 
gray tint. The samples were saved and subjected to investigation. 
Since we could not make a series of investigations at this time of 
the year, the work is not complete, but some of the statements may 
be interesting to sugar-makers. 

Herzfeld considers iron oxide as one of the causes of the gray 
coloration of crystailized sugar.t_ For this reason, the sample of 
sugar in question was tested qualitatively. Iron oxide, lime, soda 
and potash salts and a little organic coloring-matter were found 
in it. In order to ascertain how much iron oxide in the masse- 
cuite is sufficient to produce a yellowish tint in the sugar 
crystals, the quantity of the iron oxide in the massecuite sample 
was estimated and found to be 0.02 per cent. As it seemed doubt- 
ful that such a small amount of iron oxide in the massecuite would 
cause the coloration of sugar crystals, complete analyses of the 
massecuite and ash of the same were made and the results ob- 
tained were as follows: 

1 Ztschr. Rubenzuckerind., 46, 1 (1896). 
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MASSECUITE. 
Per cent. in water- 
Constituents. free material. 

Sucrose...... Sidi atetsip Whksarnio-e Werdlateiele tole'e'evelataivinle/Sieleubareise ere an 84.76 
Invert SUQAL cece cece cece cere ee cere seecea cece sens cecens 0.93 
IR ATAMID Co0c soi ayy. era'a Wis oa eiers 0 '4bd'e 98 be Oss 6b Siew alpshemsiebewiel® 2.38 
RENCE s Gir aainlae ince tats amine / Saree eo es ai6 0b: 0s wae neS ie she ae eaES 3.34 
Organic matter... see eeeeee cece cece cece cee Sees basv eee 8.57 
Blea Ua eB ca isin a G64 wie 6 wid 3016190 sae 705 Neo ieee sau ceases 0.02 

100.00 

COEFFICIENTS CALCULATED. 

Per cent. 
Ren RIETT oiao.0,s:a5o'm. owe ea aid Ridie wine bas 2 CASO R OMS EROS 89.83 
Water -cccccccccceccce cece cccc cece ccccsscccsscccccses 10.17 
Polariscope reading ....-.++ececcecesscccecccccesccess 79.90 
True purity ....-ceccccsceccnccscccccscecces case cececs 84.76 
RN ES I EE EEE re 25.38 
PONE CORIICIONE a0. 66 o:<:0:0:6:0:0.00.0 0.008 .6,0:4.04 50'5.0 va sinewre I.IO 
Coéfficient of organic matter «0+... sees seee cece eeecee ce 9.89 

ASH. 

Per cent. 
Acid-insoluble matter (mostly silica) .-+-+..+.+eseeeees 0.80 
Iron oxide (Fe,O,) -+++sseccecescce cscs cccceccccscsees 0.65 
RSMAS APRN ATI MATEGD a 01a 0.0 -0 056.656.0010. 6i8 018 6.6. 050 1510 #6) 6 elec. weleiens 13.86 
SOU) CHICTIGE 0000 csccccsctcccotececs Sievers er ae erp eianeers 7.06 
SOUT CASDOMALE 66.06 6 dc0sis tcc ccsncecedecdiccveseiesice 16.99 
Potassium sulphate......00scesccesccesscscscecccecces 28.94 
PRRONGIAN CATRONALE + <6: :5 0:06) 6:6b00ss:060 6 eb eetonsesoece + 29.80 
Magnesia .....0sesccccccsccccsccceccccccccscccccocecs trace 
Moisture and undetermined ........--cecceece Reweeee 1.90 

100.00 


According to these analyses, excepting raffinose, there is no 
unusual constituent in this massecuite, judging from the analysis 
of another massecuite which yielded a good quality of white 
sugar. For the purpose of comparison, a statement of this analysis 
is here given: 

Per cent. in 


water-free 
Composition. material. 
SEER tiie ae coi o oan 9 sible a8 oe eieiaeeib ae ea lew wisa.cer seiner 83.83 
Invert SUgAaT occ cece cece cece wees neee cece rece eens ces 3.34 
NAIR aoc 5 ee is oie iW 0K sw abies Ks od wela moe ein pio sine eee none 
SRE a 9 hiss cnet be ioio 10 «Sw ia o nse a/ora bra einsaiciala Wide nse eaieieichoe 4.88 
Organic matter.....- sees cecccceccecccesccecveceees 7.05 
DOBRA ES WQS KHAN 761.00 wine 60<.0'5.00,5 aes He cove weieecee 0.01 
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COEFFICIENTS CALCULATED. 


Per cent. 
COREE HOMIE s 6 ccivcaatictcnsdaiceeaes reerper rere eee 90.50 
WGTEE 0c cicivissiesccisessea cuss bace wepneeawne se eccecccece 9.50 
Polariscope reading ............ pe ewnenannte deaddiane 79.00 
TEUE PULIEY, o:0.6i0.8000 cicccncescices cressc teedececsecccces 83.83 
Sabitie COGMCIENE: <cccccccscccss scene ae beau a aaiedd Seine 17.17 
CGIBCHAE COCTIOIONE 60.0 cca soacids dendecdccdedecddeeweune 3.98 
Coéfficient of organic matter .... 20+ csccecccce cece cece 9.48 


Raffinose in considerable quantity is said to have the effect of 
changing the normal form of sugar crystals, producing needles, 
but it has nothing to do with the coloring of the sugar. It may, 
therefore, safely be said that the coloring of our sugar was prin- 
cipally due to the iron oxide, although the other impurities might 
have played some part. It would be worth noting that even such 
a small quantity of iron oxide as 0.02 per cent. is sufficient to 
cause coloration of sugar crystals. 

In order to trace the source of the iron oxide, the limestone 
used for defecation was analyzed. It seemed possible that the 
rock might have contained an unusually large quantity of iron 
oxide. Since oxide of iron ts soluble in sugar solution even in the 
presence of alkali, it was reasonable to suppose that iron might 
have been thus introduced in the carbonation process. The results 


of the limestone analysis are as follows: 
Per cent. 
Moisture. occ cscs ccc cccccccccccccsccs ecaveteceucaees trace 
FAROE Ie WIGNER kcc cede ciceccdscccsevescecaceedceuecuves 1.96 
Organic matter ...- ssc cece cece ceeecccccceecceececees trace 


Alumina (A1,O,) -.2+- esse ceeeeeceees 006 ceecce sees ccce 0.33 
Iron oxide (Fe,0;) niece ac ar cMsaiteatace mea aah alele & er aeae Ria oarana area 0.47 
(Cateiiihts COR DMEEEM. vin cccsc Crscene Geadeenete setecweaue 96.53 
Magnesium carbonate ....---+ eee cece cece ee cece ceeees 0.38 
Phosphoric acid ...-eseee- ce eeee cece ces ceeene eee cous trace 
Soda and potash..-+ 2.2. ccscesscccse cece sccccssces ace trace 
Sulphuric WOE 50 b:0s alee Ublee dade cacae dake cd unue Gameen trace 

99-67 


The above figures computed to a basis of burned lime give the 
following : 


Per cent. 
Vesdcilerbile tiahletoisccsdsvinces swnvceeeececess seuss cadees 3.41 
Alumina (A1,Og) .+--+eeeeeee cece ee cece ccccee cece scence 0.57 
Iron oxide (Fe,O,g) «---++seceeeccceeeccccce cece eeesenee 0.82 
Calcium Oxide «2. ccceccccscccce ccccccccccce UtKececeue 94.53 
Magnesium, carbonate ...- cccccecccee eoccce @ wecccccceee 0.66 
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It may be seen that this lime contains very little iron oxide. It 
is evident therefore that we must look elsewhere for the sources of 
the iron which caused the trouble in the pan. 

Some iron doubtless came from the lime, and some unquestion- 
ably came from the water used in diffusion. The water from the 
Leavitt well was found to contain 0.0024 per cent., or 24 parts per 
100,000 of oxide of iron. 

Quite recently a sample of lime removed from the kiln by Super- 
intendent H. Schmode was subjected to analysis and found to be 
- radically different in composition from the first sample analyzed. 
The results of this analysis are here given: 





Per cent. 
Acid-insoluble matter ..ccccscccccccces cccccccccesccce 26.10 
Acid-soluble silica... ccs cece cccs cece cccccc cece ceccee 0.26 
Lime (CaO) «-+esceececcceee cece ceeeen cree sesene cree 63.44 
Magnesia (MgO) .---.+ see ceeccecceceeccccescsceceees O.II 
Alumina (Al,Og) «-++++ceceeeeeceeene cee ceeeee sacle wails 3.97 
Tron oxide (Fe,O,) .-eeseeeeeee cece ccccce cece sees ccees 2.09 
Carbon dioxide (CO,) ---..++eeeeeeeeees sialasiaeisasciere aloe 3.05 
Sulphuric acid (SOj) ---see sees eeeeceeces cece cece ceeee 0.14 
Rear MAM NEAR SEAMEN << icia'-ele Gree 074:s.65/a:eilclsie saa oie. wicle’s stele Sioa eb wars 0.84 

100,00 


There is certainly sufficient iron oxide shown in this sample to 
have caused all the disturbances noted. These two analyses would 
indicate a decided lack of uniformity of composition in the lime 
rock used at the factory. 

To sum up the whole matter, it is my opinion that the coloring 
of the sugar in the massecuite was due to iron oxide. The 
source of this iron is still an open question, but the evidence at 
hand points rather clearly to the lime rock as the origin of it. 

The author wishes to express his gratitude to Prof. H. H. 
Nicholson, as the investigation has been carried on in the chemical 
laboratory of the University of Nebraska by his permission. 
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Received June 24, 1903. 
WHILE the literature relating to the resins in general is quite 
extensive, it is nevertheless true that published data, in regard to 
1 Read before the International Congress of Applied Chemistry at Berlin, June, 1903. 
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the chemical constants of those fossil and semi-fossil resins which 
enter into the composition of varnishes, are quite scarce. Several 
investigators’ have published results obtained from specimens of 
a few of these resins, but their results are in general of little or no 
value for various reasons. In the first place, many authors have 
not taken pains to properly classify the particular resins with 
which they were working. Then, too, their work has in many 
cases been with single specimens and not sufficient data are avail- 
able for any one resin from which definite conclusions may be 
drawn. Last, but not least, as K. Dieterich has pointed out in 
hisexcellent book upon theanalysisof resins,* themethods employed 
for resins in general have not been either accurate or uniform. Al- 
most without exception the methods for the analysis of fats have 
been applied to the resins—a class of compounds entirely different 
from the fats in origin and constitution, so that we have ester 
values of resins which contain no esters, direct acid numbers which 
are far too low, and a general lack of concordance in the results. 

It is chiefly due to Tschirch and his pupils that we have a 
clearer idea as to the crigin and chemical constitution of the resins, 
while.to K. Dieterich we owe quite as much from the analytical 
point of view. The later, in the book previously referred to, has 
given us suitable methods of analysis for each resin, and applied 
these methods in determining the constants of many species. The 
work herein recorded was undertaken to extend our information 
concerning the fossil and semi-fossil resins—the so-called 
“Copals’”—a subject to which Dieterich has given but brief atten- 
tion,—with the hope of developing a rational scheme of analysis. 
Each specimen was taken from large shipments, and represents 
a fair average sample of a definite commercial grade. As many 
different specimens as it was possible to secure were examined, 
in the belief that from a large number of data better conclusions 
could be drawn. As descriptions of the physical properties and 
characteristics of these various resins are to be found in several 
books treating of such subjects, it has seemed best to omit all 
such data from consideration in this article, giving for each resin 
no more description than is necessary to properly classify it. 

KAURI COPAL. 
Kauri resin, or Kauri copal, a semi-fossil, was originally an 


1 For a complete bibliography of this subject see “‘Die Harze und die Harzebehiilter,” 


by Tschirch. 
2 “ Analyse der Harze, Balsame, und Gummiharze.” 
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exudation from the pine tree of New Zealand—Dammara Aus- 
tralis—and is found only in the province of Auckland in open 
bush land from which the original forests have disappeared. In 
other parts of the colony, forests of these trees still exist which 
yield, on tapping, a scft spongy sap, while an intermediate quality 
of a semi-matured state—“bush Kauri’—also exists, which time 
might convert into semi-fossil variety. The data herein given 
refer entirely to the semi-fossil resin. The quantity of Kauri 
consumed annually in the United States more than equals that of 
all the other fossil and semi-fossil resins combined. 


ACID NUMBERS. 


In determining the acid numbers of Kauri the indirect method 
of Dieterich was followed, with a modification in the solvents 
used. One gram of the finely powdered resin was weighed out 
into a glass-stoppered bottle, and 15 cc. benzene and 5 cc. alcohol 
were added. Solution is complete in a few minutes with these 
solvents. Then 15 cc. of fifth-normal alcoholic potash were run in, 
the bottle tightly stoppered and allowed to stand eighteen hours, 
25 cc. of alcohol then added and the excess of alkali titrated 
back with fifth-normal sulphuric acid, using phenolphthalein as 
an indicator. The method gives sharp end-reactions and closely 
agreeing duplicates. Blank determinations were run each time, 
using the same quantities of solvents. 

As Dieterich has pointed out, direct titration gives acid values 
far too low for all resins, because the complete neutralization of 
the resin acids proceeds slowly. To illustrate this point the 
following experiment will serve. Several portions of a sample 
of Kauri, whose acid number had been accurately determined as 
103, were weighed out and the acid number determined by in- 
direct titration at different intervals of time. The results were 
as follows: 


Time. Acid number. 
5 minutes 82 
1 hour 92 
3 hours 96 
6." IOI 
ra “* 102 
76. <* 103 


It is very necessary, as Dieterich has also observed, that rather 
strong acid be employed for the titration, as the addition of much 
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water hydrolyzes the potassium salts and lowers the apparent acid 
number. The author has found the addition of alcohol before the 
titration a great help in securing sharp end-reactions. 

At the very beginning of this work it became evident that there 
was a wide divergence between the acid values of different samples 
of Kauri, ranging from a minimum of 72 to a maximum of 142, 
the large lumps (“bold” gum) having always the lowest acid 
values, the fine chips and dust the highest. Dieterich, who had 
noted with other resins, especially dammar, that the dust had much 
higher acid numbers than the large lumps, at once concluded that 
this must be due to adulteration of the dust with colophony. But 
as all the resins herein described were taken from original pack- 
ages which had not been opened since leaving Auckland, the 
author was convinced that no adulteration was possible. 

Dieterich has condemned the iodine and bromine numbers as 
of no value when applied to resins, and has omitted those deter- 
rinations in his schemes of analysis. That he is entirely mis- 
tay 2n—at least in so far as the Copals are concerned—will appear 
from the following results. Proof that these Kauri samples were 
not adulterated was zfforded at once when the iodine values were 
determined. The latter ranged from a maximum of 170 to a 
minimum of 74, the iodine value being always at a maximum 
when the acid number was at a minimum, and decreasing directly 
as the acid number increased. As colophony has an acid number 
of 160 and an iodine value of 170, adulteration with the latter 
would have caused a simultaneous increase in both acid and iodine 
values. 

In determining the iodine value, the usual Hiibl method was 
employed, using a large excess of iodine solution, and allowing to 
stand eighteen hours before titrating. 

The following table shows the results obtained from forty-three 
specimens of Kauri resin. 


Number. Description. Acid, Iodine. 
Ziicicdagsinsiwislsices XXXX White, large lumps 92 170 
this Se eeicsicelaueees XX Brown, “ #§ 72 154 
Avjesieiesiaeelnsigesie X White, “ se 72 162 
Ge cccccccercoces Brown one, ‘‘ ee 77 140 
Moeccisienmsneeas X Brown, ‘“ “ 77 160 
Givic.cceiinte treeteeere X Nubs, white, large 76 154 
7) OE COS max.“ o = 76 159 


( SPREE CE > No.1 “ as “9 85 146 
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Number. Description. Acid. Iodine. 

Qe cece cece cccces X Nubs, brown, large 87 148 
de sissies aia ereisisisie's No.1 ‘* white, ‘ 87 144 
ie ccus gieuekenns No.1 “ ." 87 149 
PA emes cakes sina: No.1 ‘ es . gI 142 
See Chips, white, large 80 153 
IGcscccecccsccces ss “ “ 82 159 
TR wis isjaraicisinisie.¥ie'si~ a6 as es 79 151 
BES clccacowevs oe sea ‘brown “S 86 162 
170 scccccccescess " — light, medium 96 143 
TB. cccee voce cece # e sf 99 143 
IQs seer eeeeee aie 46 aR ae 92 137 
Be vecccrcccccece oe es Ks 97 140 
Bl ccccccvcesc cove a = nf 95 137 
aes aint ol ocis:sleleie ‘* brown, ‘“ 89 132 
QZrcececeree cove ‘¢ light, small 112 115 
Qheresescccee sees At) qdagk) «Ss 113 IIo 
eee “ and dust III 1I5 
26. -ccccecccccces Small brown chips 92 124 
QJ ocvecceceeeceee Bright fine chips 103 120 
WB cceeccccce recs “os = “ 103 125 
We reecerccee cece 2 et es 107 113 
BOr reece eeve sees ‘* seeds 107 113 
Bloc cccccccveccce Medium ‘ 103 113 
J2sccccccecsccees as 108 II 
BG ccceee cece cece 122 105 
Bde crccceceecceee es - 123 105 
BSc ccc eeccce cece > oy 122 107 
BO- ce eeee cece cere Dark ‘ 125 95 
BJs cccceccecesces Bright dust 118 105 
38-2 ecece cece cece se is 120 105 
Be oc cscccsccccee Medium ‘“ 127 93 
GOs ccesccccce cece ses os 130 87 
Glo cccccecccecees “s - 123 82 
Aibitaiuieie: 1p 05s )0's a1aisis Brown ‘‘ 133 89 
See - cf 142 74 


While no particular relation could beexpected toexist between two 
arbitrary values such as the acid numbers and the iodine absorp- 
tion, it is worth noting that the sum of these two values is approxi- 
mately a constant. For the forty-three specimens the average of 
this sum is 228, the maximum being 248 and the minimum 205. 
And if for each specimen the percentage of impurities is taken into 
consideration and these values estimated for the pure resin con- 
tained, the divergence is less marked. In other words, the iodine 
number decreases in almost exact proportion as the acid number 
increases, and vice versa. 
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From the researches of Tschirch and his pupils, it appears that 
the copals consist of “resenes’—neutral compounds contain- 
ing oxygen and possibly of aldehyde nature— and of the resin 
acids. Other investigators’ have noted the fact that the copals 
will absorb oxygen, and evidently the increase in acid number and 
decrease in iodine absorption is due to oxidationof these “resenes,” 
by contact with the air, to resin acids, and that heretofore the finer 
the particles of the resin and the more porous they are, the higher 
will be their acid number. That this increase in the acid number 
is actually due to oxidation, the following experiments will illus- 
trate. 

A number of samples of Kauri were selected, each one finely 
powdered, and its acid and iodine numbers determined. These 
samples were then left four months in open bottles exposed to 
the air, and the powdered resins stirred from time to time to 
promote oxidation. At the end of this time their constants were 
again determined with the following results: 


Before oxidation. After oxidation. 
——_——_= -__ Acid. Iodine. 
Number. Acid. Iodine. Acid. Iodine. Increase. Decrease. 
Lie sieieln 72 154 87 133 15 21 
D saesise 7 159 III 121 35 38 
Biraistsin e's 77 140 93 115 16 25 
ANG asics 72 170 107 110 35 60 
eer 97 109 104 99 7 10 
6 weceee 105 II3 109 112 4 I 


Sampl¢s 1, 2, 3 and 4 were hard, “bold” gum of highest quality, 
while samples 5 and 6 were of a soft, spongy, lowest grade Kauri, 
in which oxidation had already made much progress before the 
experiment was carried out. 

This oxidation proceeds rapidly in presence of alkalies, so that 
open saponification with alcoholic caustic potash gives acid numbers 
that are much too high. Doubtless this fact, in connection with 
the impossibility of obtaining correct acid numbers by direct titra- 
tion, has led to the reporting of ester values in resins where no 
esters exist. That Kauri is free from esters was shown by saponi- 
fying several samples in flasks with return condensers, digesting 
for one hour on the steam-bath. In every case the saponification 
number thus found was the same as the indirect acid number. 


1 See Kiessling, Weger, and Lippert : Chem. Rev., 98, I, 286; Zischr. angew. Chem., 98, 
I, 1248. 


. 
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MANILA COPAL,. 


This semi-fossil resin comes from the islands in the Malay 
Archipelago. Its botanical source is unknown. Commercially it 
is second to Kauri in the amount consumed each year in the United 
States for varnishes. Nineteen samples were taken from direct 
importations, the acid and the iodine values being determined by 
the same methods employed for Kauri, with the following results: 


Sum of acid 
Number. Description. Acid. Iodine. and iodine. 
| oe Finest white, ‘‘ bold ”’ 146 148 294 
ea Medium ‘ ne 167 128 295 
Jerse seces ee ie ee 175 132 307 
Aseisclisess Hard brown ‘‘ bold ”’ 176 131 307 
Rice sciaisieta White Nubs 165 135 300 
Becccec ces Medium white Nubs 176 125 301 
, Oe Amber Nubs 180 125 305 
Bice cases White chips 176 127 303 
Qevececees s a 178 131 309 
I0..-....-. Medium chips 180 129 309 
TIN sis avsvo'e'e ee a 180 125 305 
IQeeeeceeee Amber chips 182 11g 301 
TZ cce-sccee si es 182 117 299 
Tf ccccceces es “ 186 119 305 
TS secs cseee us es 187 120 307 
BBs searcinree's + es 187 116 303 
TJeccccscee Ke sh 188 119 307 
TS. cccccces ab as 190 120 310 
TQeeeeveee - Dust 199 104 303 


It will be noticed that the sum of the acid and the iodine values 
is in each case quite near the average, 304, and that the less 
marked increase in acid values as the size of the gum decreases 
indicates that oxidation by the air is not so rapid as in the case of 
Kauri. The effect of oxidation was determined just as for Kauri 
by allowing the finely powdered resin to stand in contact with the 
air for four months. The following table shows the results : 





Before oxidation. After oxidation. 
Number. Description. Acid. Iodine. Acid. Iodine. 
iomigiss's Hard brown, ‘‘bold’”’ 176 131 183 128 
Beirne. ‘* white, 4 142 148 146 144 
Zcwwees. White chips 186 119 189 113 
Gocecees Medium chips 180 125 IgI rI2 
Seeceee- “white, ‘bold’ 175 132 178 122 


6. ccece a * es 167 133 178 128 
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Oxidation, therefore, does not proceed as rapidly or as far with 
Manila as with Kauri. Open saponification, however, gives too 
high results. Closed saponification gives the same figures as the 
indirect acid numbers, showing the absence of esters. 


PONTIANAC COPAL,. 


One of the most recently exploited copals is the so-called 
“Pontianac,” a semi-fossil from the Malay archipelago. In many 
ways it seems to be a connecting link between Kauri and Manila, 
not only in its physical characteristics, but also in its chemical 
constants. At present the consumption of the resin in the United 
States is in an experimental stage, and only two samples were 
available. 


Before oxidation. After oxidation. 

-oooO ee 

Number. Description. Acid. Iodine. Acid. Iodine. 
I cecesecee Medium chips 135 142 153 104 
2 veeeeceee Small s 143 II9 157 102 


It will be noted that its acid and iodine values lie between those 
of Kauri and Manila, and that it is more easily oxidized than 
Manila, but not so readily as Kauri. In its physical properties it 
more closely resembles Manila. It contains no esters. 


SOUTH AFRICAN FOSSIL COPALS. 


Zanzibar, Madagascar and Mozambique copals, the hardest and 
probably the most ancient of the fossil copals, are all found on the 
southeast coast of Africa. The botanical source of Zanzibar copal 
is probably the trachylobium verrucosum, and it is probable that 
the other two varieties of resin come from closely related species. 
Zanzibar is still of commercial importance, but Madagascar and 
Mozambique are but little used in the United States. 

The acid numbers, iodine absorptions, and effect of oxidation 
were determined for these resins just as for those previously de- 
scribed. r 


Before oxidation. After oxidation. 





Resin. Description. Acid. Iodine. Acid. —_Todine. 
Zanzibar Prime white ‘‘sorts’’ 79 123 79 123 
“ Amber chips 104 TI5 102 114 
Mozambique White ‘‘ sorts’”’ 80 136 107 108 
Madagascar Amber ‘‘sorts’’ 95 126 100 106 


Zanzibar does not seem to be readily oxidized. None of these 
resins contained esters. 
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WEST AFRICAN FOSSIL COPALS. 


Of the west African copals, the following were examined: 
“North Coast” or “Akra,” red and white Angola, Congo and 
Benguela. The botanical source of these resins is not known 
positively. The following table gives the results: 





Before oxidation. After oxidation. 
Resin. Description. Acid. Iodine. Acid. Iodide. 
North Coast White, ‘‘bold’’ 108 143 127 109 
“e vas es s 109 143 125 122 
a - Re i 116 140 137 116 
Benguela a ve 139 142 161 121 
Congo ns es 150 122 150 116 
Sy No. 2 . 152 122 153 109 
Red Angola, select 143 130 142 II5 
White ‘ 127 136 128 118 


It may be remarked that the effect of oxidation upon all resin 
described in this paper was studied in the same manner as for 
Kauri, by leaving the finely powdered resin in contact with the 
air for four months. It is worth noting that while oxidation does 
not increase the acid numbers of Congo or the Angolas, it materi- 
ally decreases the iodine absorption. The reason for this is not 
clear. None of these copals contain esters. 


SIERRA LEONE COPAL,. 


Sierra Leone copal is the exudation from the bark of the 
Copaifera Guibourtiana, on the west coast of Africa. This tree 
flourishes in the elevated mountainous districts. The gum is 
gathered as an annual crop, thereby differing from most of the 
other varnish resins. The annual gathering takes place about the 
end of March, the bark being extensively cut and slashed, and 
the gum which flows from these incisions being afterwards collected. 
This resin hardens rapidly. The supply has been steadily de- 
creasing and the cost, in consequence, rapidly increasing, so that 
Sierra Leone is not now used to a very great extent in the United 
States. 

Two samples were examined with the following results: 





Before oxidation. After oxidation. 
Number. Description. Acid. Iodine. ‘Acid. Iodine. 
Teceesece Finest select No.1 118 105 116 105 


Qeveevece No. 2 grade 114 102 116 108 
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It therefore appears that Sierra Leone is not readily oxidized. 
Hot saponification showed absence of esters. 
BRAZILIAN COPAL. 
Brazilian copal is a semi-fossil resin of uncertain botanical! 
source from South America. Three samples were examined with 
the following results: 





Before oxidation. After oxidation. 
Number. Description. Acid. Iodine. Acid. Iodine. 
oe Fine ‘‘bold” yellow 131 123 138 116 
PARE ° “ s white 143 134 150 119 
Recsiescae “ a as 149 125 158 116 
DAMAR. 


While Damar is neither a fossil nor semi-fossil resin, and hence 
not strictly included under the title of this paper, its importance 
in varnish-making is such that it seems well to include it in con- 
sideration. The white damars used in the manufacture of varnish 
are commercially of three varieties—the Batavian from Java, and 
the Singapore and Padang from Sumatra. They are all exuda- 
tions of Dammara Orientalis, the trees being cut periodically 
for the gum. 

Eleven samples of white dammar were examined with the fol- 
lowing results: 


Number. Description. Acid. Iodine. 
1 oe tee Select Padang 24 116 
avisccerasereen ‘« Singapore 55 104 
Boece cccccceeee ‘“«  Batavian 24 124 
, eee No. I " 24 II7 
Risaccsvene anes “9 ee 41 116 
Gis cniacmecebes Sm “ 41 115 
WP eicipiciominierviecis's Batavian siftings 50 108 
Mx iacowes neces e¢ ha 50 107 
PigsscoesGccuss es dust 51 104 

> ROMA, eee aks Ae se 6s 47 106 
BE cscic cicccceece s 3 50 103 


The acid numbers were determined just as for all the preceding 
resins, using the same solvents. The decrease in the iodine ab- 
sorption as the acid number increases shows that oxidation occurs 
with damar just as with the other resins. Hot, open saponifica- 
tion gives too high acid numbers for the same reason. Had 
Dieterich determined the iodine numbers of the damar dusts 
whose acid numbers he found high, he probably would not have 
concluded that the dusts were adulterated with colophony. 
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It would seem to the author that, in view of the results obtained, 
the value of the iodine absorption method as applied to the varnish 
resins is fully established. The almost universal tendency of the 
resins to oxidation when in contact with the air, as also brought 
out by this work, and the consequent wide range in acid and 
iodine values, makes it evident that chemical comparison of 
different samples of any resin are of value only when the samples 
to be compared are of the same general nature—in other words, 
it will not do to compare “bold” gum with “chips,” or “Nubs” 
with “dust,” for the reason that the finer the particles of gum, 
the farther the oxidation has progressed. But when it is desired, 
for the sake of greater accuracy, to supplement physical tests or 
inspection by chemical analysis, the author has found the following 
scheme of analysis accurate and reliable, provided it is used com- 
paratively, that is, to test “dust” against “dust,” “chips” against 
“chips,” etc. 

Moisture.—The resin is finely powdered and 1 gram dried for 
one hour at 110° C. on a watch crystal. 

Insoluble Matter —Two grams of the finely powdered resin are 
weighed out into a small beaker, and 25 cc. benzene and Io cc. 
acetone added. Solution is complete for the softer resins in a 
few minutes, and slow for Zanzibar and the other harder resins. 
When necessary, solution of the latter may be effected in épi- 
chlorhydrin, aniline, or other more active solvent. When the 
solution is complete, allow to settle until clear, and decant the 
clear liquid, but not through the filter as it would clog the paper. 
Add more of the solvents to the residue in the beaker, and wash 
onto a filter-paper, previously washed out, the same solvents 
dried and weighed. Wash the residue clean, dry and weigh as 
total insoluble matter. 

Ash.—lIgnite paper and contents until white, and weigh residue 
as ash. 

Insoluble Organic Matter.—The difference between the total 
insoluble matter and the ash represents the insoluble organic 
matter—bark and vegetable débris. 

Indirect Acid Number.—Weigh out 1 gram of the finely pow- 
dered resin into a glass-stoppered bottle, add 15 cc. benzene, 5 cc. 
alcohol and 15 cc. fifth-normal alcoholic caustic potash. Allow 
to stand tightly stoppered for eighteen hours, add 25 cc. alcohol, 
a few drops phenolphthalein, and titrate back with fifth-normal 
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sulphuric aci¢. The number of milligrams of potassium hydroxide 
used represents the acid number. 

lodine Absorption.—Weigh out 0.2 gram of the finely powdered 
resin into a glass-stoppered “bottle and add 10 cc. chloroform. 
Add 40-50 cc. of Hiibl’s iodine solution, allow to stand eighteen 
hours, then titrate back with thiosulphate. 

Color.—Dissolve 10 grams of the resin in 100 cc. of a mixture 
of half benzene and half acetone, allow to stand in a 4-ounce oil 
vial until it has settled bright, then compare the colors of the clear 
solutions. 

The above methods, when applied to the comparison of similar 
grades of the same resin, give surprisingly accurate results. Other 
things being equal, a higher percentage of insoluble organic 
matter, which would char in the kettle and darken the melt, or a 
higher acid number and lower iodine value, which would show 
more complete oxidation and hence indicate a more porous struc- 
ture in the resin, or a darker color in solution, indicating a corre- 
sponding darker color when melted—these are the points which 
condemn a sample. 

In conclusion, the author would state that he hopes soon to ex- 
tend this investigation to the melted copals—especially to study 
the oxidation of the same, which may have important bearing on 
the durability of varnishes made from these resins. 


CHICAGO VARNISH Co., 
CHICAGO, March, 1903. 
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ON THE RELATION OF THE SPECIFIC GRAVITY OF URINE 
TO THE SOLIDS PRESENT. SECOND PAPER. 


By J. H. Lone. 


Received June 18, 1903. 
SoME months ago’ I gave the results of experiments carried 
out on the determination of the relation between the total solids 
of urine and the specific gravity at 25° C. A factor was found here 
corresponding to the coefficient of Haeser, but considerably larger 
than the number usually given, on account of the higher tempera- 
ture at which the specific gravities were observed. 
It seemed desirable to separate the effect of sodium chloride 
in fixing this relation, inasmuch as this substance is not a product 
i This Journal, 25, 257. 
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of metabolism and is present in extremely variable @mounts which 
have no relation to the urinary constituents of true metabolic 
origin. A new set of tests were therefore made in which the 
chlorine was accurately determined and calculated to sodium 
chloride. Then the specific gravities of correspondingly weak 
chloride solutions were found and these were subtracted from the 
observed specific gravities at 25° to find the specific gravity due to 
metabolic products. There are, of course, slight sources of error 
in this calculation, but they are not of great importance in the 
final result. In the first place, the chlorine is not always present 
as sodium chloride; sometimes there is more chlorine than the 
sodium will combine with, but the excess is never great. Secondly, 
the specific gravity of a mixed solution is not accurately equal to 
the sum of the factors for each component taken separately. The 
excess of the specific gravity over unity for the mixed solution 
is not exactly the sum of the excesses for solutions of the com- 
ponent substances taken separately in the same volume. But for 
the dilute solutions considered here the variations are not of 
material importance, and besides, this whole calculation is an 
arbitrary one which cannot lead to more than approximate results. 

The determinations were made as described in the former paper 
and the coefficient or factor C was calculated by the expression 

ie Solids — NaCl 
me Erotai — Ewaci E 

in which Ej. represents the excess of the specific gravity of 
the urine over 1, and Ey,c; represents the excess of the specific 
gravity of salt soluticns of the strength found over 1. The results 
obtained are given in the table. 


Sodium Specific Sp. gr.of Coefficient Coefficient 
Solids chloride gravity sodium for for solids 
per per Sr chloride total less 
No. liter. liter. 4° solution. solids. salt. 
I 70.83 « 16.07 1.0287 1.0079 0.247 0.263 
2 40.88 13.77 1.0169 1.0063 0.239 0.251 
3 60.35 10.26 1.0233 1.0040 0.255 0.259 
4 52.99 12.47 1.0190 1.0054 0.278 0.298 
5 43.87 15.72 1.0184 1.0077 0.238 0.263 
6 50.58 18.43 1.0216 1.0097 0.233 0.270 
7 50.69 16.91 1.0217 1.0085 0.234 0.256 
8 67.13 15.25 1.0275 1.0072 0.244 0.256 
9 29.68 15.04 1.0131 1.0071 0.226 0.244 
10 50.69 13.99 1.0217 1.0064 0.233 0.240 
II 34.34 11.48 1.0130 1.0048 0.264 0.278 
12 58.72 16.63 1.0234 1.0084 0.251 0.280 
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Sodium Specific Sp. gr.of Coefficient Coefficient 

Solids chloride = sodium for for solids 
per per Bo chloride total less 
No. liter. liter. 4° solution, solids. salt. 
13 63.79 13.87 1.0238 1.0065 0.267 0.288 
14 65.43 15.51 1.0260 1.0076 0.251 0.271 
15 56.77 13.65 1.0234 1.0062 0.243 0.251 
16 61.50 15.19 1.0238 1.0072 0.259 0.278 
17 44.34 13.56 1.0172 1.0062 0.258 0.280 
18 51.52 17.64 1.0202 1.0092 0.255 0.308 
19 59.96 18.97 1.0235 1.0102 0.255 0.306 
20 40.09 11.55 1.0154 1.0048 0.263 0.269 
21 58.92 15.13 1.0230 1.0071 0.256 0.275 
22 52.18 14.64 1.0213 1.0069 0.245 0.261 
23 52.99 10.25 1.0190 1.0040 0.278 0.285 
24 55-03 15.24 1.0220 1.0073 0.250 0.257 
Mean, 53.05 14.63 1.0211 1.0069 0.251 0.271 


It will be observed that the coefficient for the total solids is 
0.251 and slightly smaller than the mean value found before, 
0.260. The coefficient for solids, less sodium chloride, is con- 
siderably larger and, contrary to expectations, is the mean of 
results which show wider variations than in the other case. Most 
of the individual results are, however, near the mean value and 
for certain classes of calculations, therefore, the coefficient may 
be used with only a small probable error. It will be noted that the 
urines tested showed a range of concentration between about 30 
and 70 grams per liter of solids. 


NORTHWESTERN UNIVERSITy, 
CHICAGO, JUNE, 1903. 


[CONTRIBUTION FROM THE JOHN HARRISON LABORATORY OF CHEMISTRY, 
No. 69.] 
THE ELECTROLYTIC PRODUCTION OF CALCIUI. 


By JOSEPH H. GOODWIN. 


Received June 26, 1903. 

SEVERAL suggestions have been offered during the past year for 
the preparation of metallic calcium in the electrolytic way. The 
attempts made by the writer, with various furnaces, were fruit- 
less. After much experimentation, the furnace, pictured below, 
was devised, and as it gave an excellent yield of metal it was 
thought that perhaps it would be helpful to others, hence this 
communication. Its construction is evident from the sketch. The 














874 JOSEPH H. GOODWIN. 


cathode of wrought iron is firmly fastened in electrical contact 
with a copper water-jacket, which serves as a cooler and as base 
for the furnace. Separated from this base by asbestos is a ring 
of graphite, made by boring out a 2.5-inch disk from a 6-inch 
Acheson graphite electrode. This ring constitutes the walls of 
the furnace and is also the anode, its electric connection being 
made by two wrought iron bands clamped firmly about it. 


Wrot Iron | 
Cathode’ 


he 


eit Cees See 


Solder 


12—— 


CALCIUM FURNACE 
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When the furnace has been arranged, spread powdered lime to 
the depth of half an inch over the bottom, pressing it down until 
it forms a firm, smooth floor. A stream of water is then sent 
through the jacket and the switch closed. Anhydrous calcium 
chloride, fused for half an hour in a wind furnace, is next poured 
into the furnace. It does not readily “wet” the graphite, it shrinks 
away from it; consequently a sheet of beautiful purple light sepa- 
rates the chloride from the graphite. It is an electric arc with a 
back electromotive force of 50 volts, which lowers the current. 
Contact between the chloride and graphite can be made by im- 
mersing a carbon rod along side the anode or by splashing the elec- 
trolyte against the graphite ring. The resistance should be cut 
out until a current of 100 amperes is passing. There will be a 
copious evolution of chlorine, for the removal of which a good 
“hood” is essential. Calcium chloride should be poured in from 
time to time, the temperature of the cell being kept at 950°. The 
liberated calcium melts from the iron rod upon which it has been 
deposited and floats tc the surface, forming there a globule which, 
when about an inch in diameter, is removed with a small sheet-iron 
spoon. 

The purity of the metal obtained in this manner varies with the 
purity of the chloride. Specimens made from chloride gotten 
from ordinary calcite showed, on analysis: 


Per cent. 
Ca 04.csc<-tnsctearesacceteneccuswancawenad 94.80 
Mgecocscccccceccccce veccce cccecs sees cece 4.16 
WE. cc cacneducese casas nweareaeeteandaeon we 1.03 
99.99 


The metal calcium is rather brittle. On a fractured surface it is 
more brilliant than steel, with a gray-white color. When cut or 
filed, it exhibits a yellow tinge, resembling German silver or gold 
alloyed with a great excess of silver. Globules of metal may be 
freed from chloride with alcohol and then ground on an emery 
wheel, when they become very bright. If preserved under 
petroleum, their metallic luster is retained. 

Metallic calcium is quite stable. The red-hot, molten metal can 
be stirred about in the furnace quite vigorously, and even be 
dipped out and poured back without igniting. If, however, some 
of the metal be collected on a wire and struck smartly on the table, 
it will fly in all directions with a hissing sound and burn violently 
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with a blinding light. Similar energetic action takes place when 
the hot metal comes in contact with asbestos or with other re- 
ducible substances. 

The attempts to prepare strontium were not very successful. It 
is quite probable that the furnace will have to be somewhat modi- 
fied for this purpose and also for the isolation of barium. 


UNIVERSITY OF PENNSYLVANIA. 


NOTES. 


The Preparation of Oxygen.—The action of dilute sulphuric 

acid on potassium permanganate affords a satisfactory method of 
making oxygen in small quantities. The possibilities are well 
known, but do not appear to have been utilized to that end except 
in connection with hydrogen peroxide. 
. The operation consists in heating gently a mixture of potassium 
permanganate and an excess of dilute sulphuric acid, in a gener- 
ating flask provided with safety and delivery tubes. As this mix- 
ture begins to give off oxygen freely at 50°, very little heat is 
needed. The evolution of gas is continuous and quiet and under 
easy control. 

The amount of oxygen to be obtained by this reaction is approx- 
imately represented by the equation 

2KMnO, + H,SO, = K,SO, + 2MnO, + H,O + 30. 
Ten grams of potassium permanganate (treated with 40-50 cc. of 
1:4 sulphuric acid) give somewhat more than a liter of oxygen. 

Convenient and safe, this method may be used to advantage in 
making oxygen for experimental purposes in courses in general 
chemistry. R. B. Riccs. 


Note on the Effect of Combined Carbon in Iron on the Test for 
Tin.—A common test for tin depends on the reducing action of 
stannous chloride on mercuric chloride. If iron be used to reduce 
the tin, it should not contain any considerable amount of combined 
carbon, otherwise a counterfeit test may be obtained, no tin being 
present. 

On making blank tests, it was found that, when the iron con- 
tained as much as 0.2 per cent. of combined carbon, its hydro- 
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chloric acid solution gave, with mercuric chloride, a very per- 
ceptible cloudy appearance in a few seconds. Some of the iron 
solutions yielded heavy precipitates at once. 

The unsaturated hydrocarbons, liberated by the action of the 
acid on the iron carbides, seem to be the cause of this precipitation, 
and it is, roughly estimated, proportional to their odor. This odor 
is moreover destroyed by an excess of mercuric chloride, and 
further, if the solutions be previously heated until odorless, there 
is no precipitation. 

Whatever be the cause, the action here is one of reduction and 
the precipitate formed is essentially mercurous chloride. Made 
in quantity, it was a dense, pure white, crystalline substance. 
When volatilized, a slight black residue generally remained. 
0.8592 gram material gave 0.27 per cent. C. The action of such 
reagents aS ammonium and potassium hydroxide, iodine and 
potassium iodide left no doubt as to its essential character, and a 
chlorine determination gave 14.93 per cent.; theory, 15.04 per cent. 

In conclusion it may be said that, if the iron gives more than a 
faint “hydrocarbon cdor” with hydrochloric acid, its solution will 
give a precipitate with mercuric chloride, and so interfere with the 
test for tin. Common wire nails may generally be used. Although 
their solutions have a reducing action, it is usually very slight and 
requires some time to develop sufficiently to be recognized. 

R. B. Riccs AND E. S. MERRIAM. 


NEW BOOKS. 


THE CHEMISTRY OF PIGMENTS. By ERNEST J. PARRY AND JOHN H. 
Coste. First edition, 1903. London: Scott, Greenwood & Co. New 
York: D. Van Nostrand Co. 275 pages, illustrated. Price, $4.50 net. 

This volume treats of the chemistry of pigments used for 
protective, decorative and artistic purposes. A brief introduction 
describes in a popular way the elements of the science of color, 
the spectrum and absorption spectra. In the second chapter are 
discussed the uses of pigments, the forms and combinations in 
which they are applied, and the mal-influence of air, moisture 
and gases on the paints. A number of tests are given that show 
the comparative resistance of the various paint-skins to these 























878 NEW BOOKS. 


agents, but there is no mention of the important precautions in 
applying the paint, etc., whose neglect so often results in unsatis- 
factory or contradictory deductions. 

The following section deals with the inorganic pigments. Some 
eighteen pages are devoted to white lead and its manufacture. 
The authors adopt the theory of a chemical combination between 
white lead and linseed oil, a point that has been disputed by 
several investigators. The iron oxides, lead, chrome and copper 
compounds, and the carbon pigments are described in turn. Under 
the head of organic pigments are Prussian blue and the lakes of 
carmine, Brazilwood, and other animal and vegetable colors, and 
a number of the coal-tar dyes. An account of indigo and some 
minor organic pigments closes the volume. 

The work can be commended for what it essays, to both the 
general reader and the chemist whose work is mainly in other 
departments. The space allotted to the description of the various 
pigments appears, on the whole, to be fairly well distributed, 
though the paragraphs on the vermillionettes, red lead and asphalt 
could have been amplified with advantage; on the other hand, the 
methods of chemical analysis of certain pigments might well have 
been omitted, since one competent to make such analyses always 
has access to detailed descriptions of the most recent and approved 
methods. 

The book has a good index, and the print and binding are 
satisfactory. ‘FRANK JULIAN. 





THE PRINCIPLES OF LEATHER MANUFACTURE. By H. R. PROCTER, F.I.C., 
F.C.S. London: E. and F. N. Spon, Limited. New York: Spon and 
Chamberlain, 1903. xvi+ 512 pp. Price, $7.50. 

The well known “Text-Book of Tanning,” by the same author, 
having been long out of print, it was desirable to issue a revised 
edition which, however, takes the form of two books. The 
present volume contains a very satisfactory discussion of the 
principles on which the manufacture of leather is based, details 
of working processes being in the main excluded. Analytical 
processes and operations of chemical control for the tannery are 
found in the volume already published as the “Leather Industries 
Laboratory Book,” a work now well known to chemists. To 
complete the series, a third volume, dealing with manufacturing 
processes, is desired. 
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In view of our very limited knowledgeofthenatureofthe changes 
involved in leather-making, the author specifically points out the 
value, to the tanner, of practical experience and acquaintance 
with his material. There is a large amount of very useful infor- 
mation to the practical tanner in these pages: The effect on the 
leather, of the early treatment of the hide, such as drying, salting, 
etc.; the causes of injury to hides; the action of hard water in 
washing and soaking hides, and extracting tannin; the causes of 
swelling by dilute acids or alkalies, and the shrinking action of 
strong solutions; the nature of the changes produced in bating, 
puering and drenching, and the properties of the various materials 
used, are some of the points which are fully discussed. 

Chrome tannage receives about eighteen pages of largely theo- 
retical discussion, but the intelligent tanner, who has a little 
chemical knowledge, can pick out of this brief summary many 
bits of valuable information. The importance of this branch of 
the industry would seem to justify a somewhat more extended 
consideration. 

The occurrence and properties of the vegetable tanning mate- 
rials are fully described. The chapters on the grinding and ex- 
tracting of tanning materials, and their analysis, and the chemistry 
of their action, contain many valuable hints. The chapter on 
dyes and dyeing is very satisfactory, while that on the construc- 
tion of tanneries will furnish useful data to architects and builders 
who may be called on for this kind of work. The oil tannages 
and the properties of fats, soaps, waxes, etc., are all well con- 
sidered; also the important items of evaporation, heating and 
drying; the disposal of wastes closes the text proper. Official 
methods of tanning analysis, both European and American, and 
a list of coal-tar colors suitable for use on leather, constitute the 
three appendices. Frequent foot-note references to original papers 
throughout the text add greatly to the convenience and value of 
the book. 

Numerous illustrations are scattered throughout the book and 
the plates are noticeably clear and sharp, but some of the half- 
tone pictures from photographs are unsatisfactory ; a comparison 
between Figs. 28, 29 and 42a, with Figs. 31 and 32, e.g., leaves 
much to be desired in the former cases. The reference to Fig. 
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29 on page 223 is evidently a misprint, and the paragraph is 
somewhat obscure. The typography and general make-up of the 
book is good. The literature of tanning has long needed such a 
work as this. 


The importance of technical education for tanners is now gen- 
erally recognized, and the appearance of this work by one who 
is an acknowledged authority and leader in this educational move- 
ment, will doubtless further elevate the technical school in the esti- 
mation of successful tanners. F. H. THorp. 








THE PRAXIS OF URINARY ANALYSIS. A GUIDE TO THE CHEMICAL ANALY- 
SIS OF URINE. By DR. LASSAR-CoHN. Authorized English translation 
by Dr. H. W. F. LoRENZ. New York: John Wiley and Sons. 1903. 
58 pp. Price, $1.00. 

This little book is printed on very heavy paper, almost card- 
board thickness, and heavily leaded to increase apparent size. It 
contains a few of the simplest qualitative reactions employed by 
physicians in the analysis of urine and directions for three quanti- 
tative determinations. These are so meager, however, that they 
are of no practical use. In addition to the urine tests, a few pages 
are devoted to the analysis of stomach contents. The amount of 
practical information contained in the book is so small that it can 
not be recommended to students or practitioners of medicine. The 
English of the translation is not always good. J. H. Lone. 








A TEXT-BOOK OF VOLUMETRIC ANALYSIS. With special reference to the 
volumetric processes of the pharmacopoeia of the United States. De- 
signed for the use of pharmacists and pharmaceutical students. By 
HENRY W. SCHIMPF, PH.G., M.D. New York : John Wiley and Sons. 
1893. Fourth edition. 60 figures. r12mo. xxiii + 553 pp. Cloth. 
Price, $2.50. 

As the title suggests, this work is intended exclusively for 
the use of pharmacists, and its appearance in a fourth edition gives 
evidence that it meets a need of those for whom it is written to a 
greater degree, in some respects, at least, than any other available 
book. Its merit lies chiefly in the variety of methods offered, a 
direction in which most texts on the subject are deficient. 


It is a collection of receipts for volumetric analysis and is almost 
wholly lacking in explanatory matter or in any exposition of the 
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reasons for doing things in one way rather than in another. The 
few explanations given are often inaccurate or positively incor- 
rect. As an instance of this, the statement is made (p. 183) that 
sulphurous acid must be diluted to 0.04 per cent. before titrating 
it, “for if it is not sufficiently diluted there is risk of the sulphuric 
acid formed, being again reduced to sulphurous, with liberation of 
iodine, thus causing irregular results.” This explanation has, of 
course, been exploded long ago. .If true, it would mean that sul- 
phuric acid of a dilution corresponding to 0.04 per cent. of sul- 
phurous acid has an oxidizing action on potassium iodide and is 
reduced by it, a state of things which every chemist knows does 
not exist. 


The directions are not always couched in the clear and pure 
English that one may properly expect to find in a text intended 
for student use; witness the following sentence taken at random 
from page 478. “Warm the mixture. ...andadd... . iodine 
solution from a burette until the brown color of the iodine solution 
is no longer decolorized and the mixture in the flask assumes a 
permanent, brownish yellow color, and upon shaking deposits a 
red-colored precipitate if much carbolic acid is present.” Com- 
ment is unnecessary. 


Onéthe same page, the name of the well-known chemist Vort- 
mann appears as “Wortmann,” and the source of a paper which 
was published in the Berichte is given as “Pharm. Zeit. f. Russ- 
land.” Perhaps it was Russian influence that changed the V to 
aW! 

The method of titrating iodides by a mercuric chloride solution, 
due to Personne, is described without a word regarding the pre- 
cautions which must be observed to obtain even tolerably correct 
results. The book shows throughout, with the exception of Chap- 
ter LXII relating to the determination of alkaloids, abundant evi- 
dence of being a compilation from other text-books rather than 
from original sources. The illustrations leave something to be 
desired, both as to execution and design. It seems to the reviewer 
scarcely necessary to introduce a cut of a liter-flask, unless some 
point regarding the model, etc., is to be elucidated. The picture of 
a liter-flask in the text bears the inscription “14.° R.”! 
LAUNCELOT W. ANDREWS. 








ERRATA. 


ERRATA. 


In the paper by Albert P. Sy on ‘‘ A New Test for the Stabil- 
ity of Nitrocellulose Powders,’’ the following corrections should 
be inserted : 

- page 565, for Fig. 7, read Fig. 10. 

567, line 5, for Fig. 1 read Fig. 10. 
567, for Fig. 8 read Fig. 7. 

568, for Fig. 9 read Fig. 8. 

568, for Fig. 10 read Fig. 9. 
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[CONTRIBUTION FROM THE JOHN HARRISON LABORATORY OF CHEMISTRY, 
No. 70.] 
THE USE OF A MERCURY CATHODE IN ELECTROCHEM- 
ICAL ANALYSIS, 


By EDGAR F. SMITH. 
Received June 26, 1903. 


THE suggestion of precipitating metals in the form of amalgams 
was first made (1880) by Wolcott Gibbs,’ who described a new 
scheme for the electrolytic determination of metals, before the 
National Academy of Sciences, in which scheme he recommended 
weighing out in a small beaker a definite amount of metallic mer- 
cury which was, by means of a platinum wire, connected with a 
battery and made the cathode, while in the salt solution, contained 
in the beaker, was suspended a strip of platinum, serving as the 
anode. The currents used varied greatly in strength. Salts of 
mercury, tin and cobalt were apparently decomposed, their re- 
spective metals being precipitated upon or in the mercury cathode. 
Quantitative results do not appear. The author of this method be- 
lieved that possibly sodium and potassium might be separated in 
this manner and Professor Hunt remarked that the “process came 
with the beauty and force of a revelation.” 

1 Chem. News, 42, 291. 





